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The 1945 Meeting 











The 53rd annual meeting of the Society for the Promotion of Engineering 
fducation will be held in the Jefferson Hotel, St. Louis, Missouri, June 21-24, 
(45, with Washington University our host. Dean A. S. Langsdorf is General 
(hairman and has appointed the following committees : 


Hotels and Rooms Lawrence E. Stout 
Annual Dinner and Conference Luncheons Don A. Discher 
Budget and Finance Raymond R. Tucker 
Conference Programs and Room Assign- 

ments ' Austin E. Fitch 
Printing and Publicity Alex. M. Buchan 
Registration E. O. Sweetser 
Hospitality Herbert Keunzel 


The program for this meeting is in charge of the following committee: H. S. 
hogers, Chairman, N. W. Dougherty, H. M. Crothers, F. L. Bishop and J. S. 
Thompson. 











The 1945 S.P.E.E. Meeting 


The attention of members of the Society is directed to the fact, announced 
in the September issue of the Journal, that the next annual meeting will be 
held in St. Louis under the auspices of Washington University, June 21-24 
inclusive. 

Because of lack of sufficient housing accommodations on the University 
Campus, and because of the further fact that summer session classes would 
seriously interfere with meetings in the University buildings, arrangements have 
been made to follow the precedent set at the Cincinnati meeting, and general 
headquarters and most of the meetings will be held at the Jefferson Hote 
which has the great advantage of providing ample air-conditioned rooms for 
meetings, luncheons, and -dinners. At least one of the general sessions will hk 
arranged on the University Campus. 

A local committee under the Chairmanship of Dean A. S. Langsdorf isin 
_process of organization. Any inquiries concerning arrangements for meetings 
may be addressed to him. 

The last meeting of the S.P.E.E. held in St. Louis occurred in the fall of 
1904 at the time of the Louisiana Purchase’ Exposition. 

It is hoped that by the time of the meeting it may be possible to arrange 
inspection trips of the numerous points of interest in and around the city, 


A. S. LANGSDORF 
General Chairman 
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Basic Consideration in a Program of Freshman 
Evaluation * 


By K. W. VAUGHN 


Director, Measurement and Guidance Project in Engineering Education 


INTRODUCTION 


Whatever changes in engineering 
education occur as a result of the pres- 
ent war, there is one fundamental con- 
sderation which must always be kept 
in the foreground. This is the fact 
that the quality, standing, and im- 
portance of any profession depend 
largely upon the quality and compe- 
fence of the men who constitute it. 
High-caliber men make a profession ; 
professional training does not neces- 
sarily make high-caliber men. It fol- 
lows then that colleges of engineering 
must insure that those who become 
professional engineers are the kinds 
titrained men who will not only main- 
lain but advance their chosen profes- 
son. This implies a carefully de- 
igned program of selection for and 
guidance through an engineering cur- 
teulum, which, when properly organ- 
ied and implemented, will equip the 
faduate engineer with professional 
qalities and capacities. This is the 
neral purpose of engineering educa- 
on. This conference is mute testi- 
mony that engineering educators are 
keenly aware of their responsibilities 
ad deeply interested in improving the 
Many aspects of engineering educa- 





*Presented at the 52nd annual meeting, 
SPE.E., Cincinnati, Ohio, June 22-25, 1944. 


The Measurement and Guidance’ 
Project, which is the principal subject 
of discussion this afternoon, is con- 
cerned primarily with the problems of 
selecting engineering students and with 
the development of objective examina- 
tions to assist in their selection, place— 
ment, and guidance. Our studies are 
directed at the “bottleneck” of the pro- 
fession, that is, the point at which the 
student establishes his first contact with 
the engineering profession. 

The Project has been in existence 
for one year ; it was formally approved 
by the S.P.E.E., the E.C.P.D., and the 
Carnegie Foundation in June of 1943 
and began active work on July 1 of that 
year. During the first year of its ex- 
istence, it achieved two of its primary 
objectives. In the first place, the past 
year has seen the development of an 
experimental battery of selection and 
guidance tests known as the Pre-En- 
gineering Inventory which was dis- 
cussed at some length in a recent issue 
of this JourNaL.* This test battery 
was administered experimentally to 
more than 4,500 freshman’ engineering 
students and on the basis of this ad- 
ministration and the Project researches 
has been revised and improved. In 
the second place, the Project is now 


* JoURNAL OF ENGINEERING EDUCATION, 
Volume 34, Number 9, May 1944, pp. 615- 
625. 
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completing a series of objective achieve- 
ment examinations designed to evalu- 
ate the student’s progress during the 
pre-specialization phase of the engi- 
neering curriculum. These achieve- 
ment examinations will be in final 
form and ready for use some time dur- 
ing the first semester of the 1944-1945 
school year. The underlying theory 
of measurement, and the methods and 
procedures employed in these two test 
batteries are too involved to be dis- 
.cussed here. We can say, however, 
that these batteries of examinations are 
being prepared under the supervision 
of competent engineering educators 
and technical advisors. They are de- 
signed for a particular purpose, and 
consequently, it may be expected that 
they will be distinct improvements over 
batteries of examinations that have 
been designed for more general pur- 
poses. 

Some of you may be disappointed 
when I inform you, as I must, that the 
Project is not yet ready to issue any- 
thing other than a progress report. 
The present report cannot in itself be 
complete, principally because a com- 
plete report would be too extensive for 
any thorough assimilation. if presented 
here. I cannot say today exactly when 
the Project can make a final, definitive 
report. I expect, however, that by this 
time next year, we will have accumu- 
lated enough data and research find- 
ings so that our results will not be 
significantly changed by further re- 
search, except as conditions change in 
the future. 

My purpose is to discuss three basic 
considerations in a freshman selection 
and guidance program: first, to dis- 
tinguish between a student evaluation 
program and a measurement program ; 
second, to describe briefly what values 
may legitimately be expected from the 


continued use of entrance examination 
results in a freshman guidance pm 
gram ; and third, to present certain pre 
liminary findings of the Project to 
gether with their implications for evaly. 
ating the character and qualities @ 
freshman engineering classes. 


MEASUREMENT AND EVALUATION 


The distinction between student eval 
uation and the measurement of student 
abilities is of considerable importang 
to the college admissions officer 
and the freshman counsellors. Evale 
tion, as it is commonly understood, 
includes all of the procedures for the 
appraisal of aptitudes, abilities, achieve 
ments, personal qualities, and other 
distinguishing characteristics of the 
student. Measurement is that portion 
of evaluation to which precise, quant 
tative means of appraisal may be ap 
plied. Evaluation then is the larger, 
more inclusive process. It implits 
measurement but at this time it cat 
not be effected by measurement alone 
In an effective evaluation program 
there must be, in addition to the meat 
urement or testing program, a Sj 
tematic use of all the available tech 
niques and procedures for estimating 
the student’s potentialities for engineer 
ing study. Evaluation also implié 
guidance, that is, the effective distribr 
tion of students to those particular a 
tivities for which they are best suited 
and in which they can experience tt 
greatest degree of success. 

Evaluation techniques can be # 
plied to any aspect of the student's d& 
velopment. In many instances thet 
sults of appraising certain student 
characteristics must necessarily ® 
vague and subjective; with respect ® 
other characteristics they may be vey 
precise. For example, it is not easy 
to evaluate quantitatively (and henet 
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mn a comparative basis) the student’s 
ambition, prejudices, attitudes, psy- 
“Hchological “quirks,” and general mental 
health—any one of which may very 
griously affect his adjustment in col- 
kge. On the other hand, it is relatively 
sy to measure his educational back- 
gound, scholastic ability, physical 
health, economic and social status, and 
gmilar characteristics which lend 
themselves to quantitative appraisal by 
methods which are now in general use. 

To become more practical, let us ex- 
mine the elements of an effective stu- 
dent evaluation program at the fresh- 
man level. Such a program may or 
may not be selective in character, de- 
pending upon institutional policies. 

In the first place, one of the most 
stisfactory devices for evaluating the 
titering student’s educational develop- 
ment and scholastic ability is an in- 
tegrated battery of entrance examina- 
fons. These examinations should meet 
certain standards and criteria, some of 
which I have discussed elsewhere.* 
The dean of the college of engineering, 
lis admissions committee, and the 
feshman counsellors or mentors will 
generally find the results of a sys- 
fmatic testing program more helpful 
than any other single measure of the 
mtering freshman’s fitness for engi- 
mering study. This applies to large 
groups of students, provided the col- 
kge officials understand the possibili- 
fs and, more particularly, the limita- 
tions of examinations, whether these 
&aminations be subjective or objec- 
lve in character. It must be recog- 
tized, however, that the predictive 
Yaue of entrance examinations ordi- 
larily decreases as the students pro- 
gress through the curriculum. After 
ihe first year, and many times, after 


*Ibid., pp. 615-625. 
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the first semester, institutional grades 
become more predictive of future suc- 
cess in the same college than entrance 
examination results. 

A second method of evaluating fresh- 
man quality is the consideration of a 
student’s high school background as 
revealed in his high school record, the 
general configuration of his pattern of 
previous study, and the quality of the 
school from which he graduated. This 
means of evaluation has generally 
proved somewhat less reliable than that 
obtained from the best type of entrance 
examination. This is due in part to 
the fact that it is most difficult to estab- 
lish definite criteria and standards of 
secondary education. The records 
from a certain high school or prepara- 
tory school may be very dependable; 
from a second or a third, the high 
school record may be of little value 
because the quality of achievement, 
curricular offering, and instructional 
emphasis are unknown quantities. 
Most colleges of engineering admit 
students from a very large number of 
high schools and are able to determine 
the quality of only a few of them. This 
explains, in part, why the high school 
record is not generally a very depend- 
able criterion for admission. 

Any effective evaluation program, 
however, must include estimates of 
many student characteristics not iden- 
tified by objective tests or high school 
records. In some colleges, economic 
status is all-important. The student 
with insufficient funds may be very 
seriously handicapped in certain types 
of colleges. It is imperative that the 
college officials ascertain the physical 
health of the candidate, and in so far 
as possible, his mental health. It is 
important, also, to evaluate the stu- 
dent’s interest in and attitude toward 
the engineering profession ; to discover 
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his ambition and goals in life, his so- 
cial adjustment and outlook on life. 
Furthermore, it is desirable to ascer- 
tain the student’s work and recrea- 


tional habits, the extent of his partici-’ 


pation in extracurricular activities, and 
his leadership qualities. 

It is obvious that an effective evalua- 
tion program extends far beyond the 
present possibilities of measurement. 
It is obvious also that evaluation is a 
continuous process; that not all of these 
appraisals can be made before the stu- 
dent enters college or immediately 
thereafter. Because of these and other 
factors, elimination from college can 
never be reduced to zero. If it were, 
it would only be an indication that 
many students who could profit from 
college and perhaps become outstand- 
ing engineers are denied the right to be 
trained. This, as you recognize, is 
contrary to the democratic principles 
underlying our educational system. 


THE PosSsIBILITIES OF MEASUREMENT 
I 


Entrance examinations serve several 
purposes of which two are of primary 
importance: first, discovering the ade- 
quacy of the student’s educational back- 
ground as compared with other stu- 
dents of the same kind; and second, 
providing a basis for estimating the 
strengths, weaknesses, needs, and po- 
tentialities of the student. Although 
these two functions frequently overlap, 
the character of examinations obtain- 
ing such results may differ consider- 
ably in character as well as in purpose. 
With respect to the first function, the 
entrance examination battery may con- 
sist entirely of tests of specific abilities 
or achievements to the end that stu- 
dents may be placed in general classi- 
fications or groups. ‘For example, 
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scores on an English, mathematics, of 
social science examination may be used 
to place a student in a course or eur. 
riculum so that he may reach a cer. 
tain minimum level of development 
demanded by the institution. In the 
college of engineering, a mathematics 
test may serve as a basis of determin. 
ing whether or not a student is pre. 
pared to begin a study of analytical 
geometry or differential calculus. If 
not, he may be required to take a 
course in college algebra on a “make. 
up” basis. The application of such ex- 
aminations does not necessarily imply 
that the results of the examination are 
being used for purposes of estimating 
the potentialities of the student or pre- 
dicting his success in general, although 
many such tests may be useful for this 
purpose. 

As just indicated, the entrance ex- 
amination may provide a basis for esti- 
mating the probable success of a stu- 
dent during a specified period of time. 
A testing program with this as one of 
its functions should include a number 
of tests whose results are as highly 
related to success in the engineering 
curriculum as possible. This should be 
supplemented by other examinations 
less highly related to student success 
but which possess diagnostic values. 
These latter examinations, when pro- 
perly used and interpreted, serve an 
important purpose. With our present 
development of measurement tech- 
niques, the predictive value of even the 
most successful tests is limited. Given 
the test results for a student and cer- 
tain other information, it is possible to 
predict within certain limits the proba- 
bilities of success (or failure) of a stu- 
dent in a given situation. If the test 
performance on these highly predictive 
tests can be supplemented by the rec- 
ords of performances on other exami- 
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nations of a diagnostic character, it is 
frequently possible to improve on this 
prediction, even though the correlation 
between scores on the diagnostic tests 
and success in the engineering cur- 
ficulum is low. 

The Pre-Engineering Inventory 
which has been developed by the Proj- 
et Committees includes seven tests, 
three of which are highly predictive in 
character, namely, Technical Verbal 
Ability, Ability to Comprehend Scien- 
fic Materials, and General Mathe- 
matical Ability. The battery also in- 
dudes such tests as General Verbal 
Ability and Understanding of Modern 
Society whose results are not in them- 
selves highly related to success in en- 
gineering subjects. Scores on the Gen- 
ral Verbal Ability test are not highly 
telated to the student’s success during 
the first year of engineering education, 
but students who have very low scores 
om this test appear to have trouble 
tarly in their period of study, primarily 
because their abilities are “non-verbal” 
in character. Thus the General Ver- 
bal Ability test serves as a diagnostic 
fest rather than a test which can be 
used for general prediction. Test VII, 
Understanding of Modern Society, is 
included for still another reason. We 
justify the inclusion of this test on the 
basis that a student should have ac- 
quired, or subsequently acquire, the 
important political, economic, and so- 
dal concepts underlying and permeat- 
ing the society in which he lives. Such 
tests, therefore, provide the institution 
with measures of important concomi- 
tant accomplishments on the part of 
entering students. 

It is obvious from the most recent 
teport of the Committee on Engineer- 
ing Education After the War* that 





*Ibid., pp. 589-614. 
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educators are considering the engineer- 
ing curriculum in a broad sense, em- 
phasizing along with the scientific-tech- 
nological objective the simultaneous 
development of the humanistic-social 
objective as well. Any system of 
freshman examinations which defeats 
or ignores this commendable dual pur- 
pose is short-sighted in the extreme— 
it fails to emphasize to freshman stu- 
dents the importance of this objective. 


II 


It is a well known fact that the 
typical entrance examination battery 
measures general intelligence, scho- 
lastic aptitude, and educational achieve- 
ment, generally in unknown amounts. 
That is, such batteries measure the 
student’s mental equipment, learning 
power, or achievement in the educa- 
tional sense. Success in college, 
whether it be in engineering or other 
curricula, does not depend entirely 
upon the student’s intellectual equip- 
ment. Consequently, many of the fail- 
ures in the engineering curriculum 
may be attributed to factors or causes 
which are not measured by the en- 
trance examination battery. If, on the 
other hand, the college freshman evalu- 
ation program is adequate, many of 
these factors and causes can be iden- 
tified and observed in advance. It is 
decidedly unwise, therefore, to depend 
upon the entrance examination for all 
of the information that may be col- 
lected concerning the individual stu- 
dent. His mental or physical health, 
his adjustment to the college environ- 
ment, his release from the close super- 
vision of his parents, or any one of a 
number of other conditions may ac- 
count for his lack of interest or poor 
showing in college. The entrance ex- 
amination cannot be held accountable 
for qualities not measured by it; it 
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cannot be condemned for failing to 
predict success where factors outside 
its scope are causal. Its results must 


be considered for what they are—a | 


fairly consistent and efficient estimate 
of the student’s intellectual equipment. 

In the long run there is a higher re- 
lationship between “scholastic apti- 
tude” and success in college than any 
other single factor. Most engineering 
students are healthy, most have a nor- 
mal outlook on life and make adjust- 
ments fairly easily, most are interested 
in what they are setting out to do, most 
of them persist and graduate. If the 
student is intellectually capable, he 
generally has better than an “even 
chance” to graduate. If on the other 
hand he has to overcome intellectual 
deficiencies, he is handicapped from 
the start and sooner or later is called 
upon to exert greater efforts, rela- 
tively speaking, or drop out. 


III 


The meaning of the term “scholastic 
aptitude” is of primary importance in 
the measurement program. Some 
writers refer to scholastic ability in a 
general sense, and when the term is 
used in this manner, it is assumed to 
be highly related to general intelli- 
gence. It is not enough to say that a 
student has scholastic aptitude unless 
you further define in an operational 
sense that he has scholastic aptitude for 
the study of particular subjects or sub- 
ject fields, e.g., engineering, art, busi- 
ness. Certain psychologists endorse 
the view that intelligence is made up 
of a general factor, “g,” and various 
special factors, “s.” Not being a stu- 
dent of psychology in the theoretical 
sense, I am not prepared to say 
whether this ‘interpretation is justifi- 
able. I am convinced, however, that 
intelligence as measured by a general 
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intelligence test is not the best im 
dicator of success in engineering study. 
I think you will agree with me that 
general intelligence is not the most de- 
pendable basis on which to select en- 
gineering students. The men in the 
A.S.T.P. were selected primarily on 
the basis of the Army General Classi- 
fication Test which is a sort of intelli- 
gence test. Every man in the A.S.T.P. 
was significantly above average in in- 
telligence as compared with all men 
who have gone through army indue- 
tion centers. Nevertheless, there were 
thousands of men in the A.S.T.P. who 
were not properly qualified for engi- 
neering study. It cannot be denied 
that most of the men in the A.S.T.P. 
had scholastic aptitude in the general 
sense, but this scholastic aptitude in 
many instances was not that particular 
combination of special abilities which 
fitted the soldier for the study of engi- 
neering or other technical subjects. 

Had the Army eliminated all those 
men who had not successfully com- 
pleted two years of high school mathe- 
matics, the quality of the A.S.T.P. 
trainee would have been materially im- 
proved, the attrition decreased, and 
instruction and achievement in the 
program generally improved. The 
Army obviously was operating on the 
assumption that men are able to suc- 
ceed in engineering because of superior 
intelligence, irrespective of the high 
school pattern of study. There is defi- 
nite evidence that this assumption was 
not borne out. 

Aptitude for engineering includes, in 
addition to general intelligence, a pat- 
tern of special intelligences or abilities, 
whichever you may term them. One 
of the best approaches to measuring 
this complex ability appears to be the 
work-sample approach in which there 
is no attempt to identify the factors or 
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dements of this complex. After de- 
termining the types of work that the 
student is called upon to do early in 
his study of science and engineering, 
we can select work samples which are 
not too difficult for the average enter- 
ing student. We can construct ex- 
aminations testing the student’s ability 
to do these samples of work. The 
thoroughness, effectiveness, and ac- 
curacy with which he works is reflected 
in his test score. The test score natu- 
rally correlates well with what he will 
later do in the same type of work. 
This is the approach that we have em- 
ployed in the Pre-Engineering Inven- 
fory, and with partial modification, is 
the approach that has been employed 
in the achievement examinations. 
When this approach is employed, meas- 
urement cannot be effected instantane- 
ously. In fact, the codperating col- 
leges are devoting five and one-half 
hours of time to examining entering 
students. We have never seriously 
considered the idea of developing a 
fifteen or twenty-minute test which 
would definitely predict whether a 
freshman student will succeed in engi- 
neering. We are more interested in 
evaluating as many of the different 
aspects of the student’s training and 
background as possible. 


IV 


You have heard much of the validity 
of test batteries, that is, the effective- 
ness of a test battery for a particular 
purpose. These validities are gener- 
ally expressed in terms of correlations 
between test scores and success in 
the engineering curriculum—measured 
either in rankings, course grades, 
achievement test results, or combina- 
tions of these methods of appraising 
achievement. ‘These validities, which 
are generally expressed in correlation 
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coefficients such as .55, .65, or .75, em- 
body one of the most important con- 
cepts involved in the use of test results 
for purposes of estimating the stu- 
dent’s chances of success or failure in 
a given activity. These coefficients of 
validity are a direct measure of the 
dependence which can be placed in the 
test results for predicting the student’s 
chances of success. 

For purposes of illustration, let us 
assume that for several years your col- 
lege has been administering three ex- 
aminations, that during this time the 
student population has been a normal 
one, and that 20 per cent of the stu- 
dents enrolled during that period were 
eliminated from college because of 
scholastic failure. Assume also that 
your admissions committee reports 
that the correlation coefficient between 
grade-point average and scores on Test 
I is .55, on Test II is .65, and on Test 
III is .75. What will be your inter- 
pretations? Clearly Test III is su- 
perior to either Test I or Test II, but 
what gain in predictive power is made 
possible by this increase in the corre- 
lation coefficient? What confidence 
can you place in the results or rank- 
ings on each of these three tests? This 
is a question which has troubled many 
who have attempted to interpret the 
statistical nomenclature of prediction. 

Without a freshman evaluation or 
measurement program of any kind, you 
would be able to say to each student 
as he entered that, so far as you know, 
he has four chances out of five to pass 
the term. This would be the best esti- 
mate that you could make in the ab- 
sence of information about the student 
other than the fact that he meets the 
normal entrance requirements of your 
institution. Yet we know that some 
students in this entering group do not 
have one chance out of five to pass the 
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term. The problem is to identify these 
students whose failure potential is high. 

Under the conditions just stated, the 
coefficients of test validity .55, .65, and 


75 have fairly clear-cut meanings: 


for predicting the entering student’s 
chances of success or failure during the 
‘first semester or the period for which 
the validities of the tests were estab- 
lished. Let us assume that the scores 
on the tests are expressed in terms of 
percentile ranks so that we can de- 
termine the decile standing of the stu- 
dent with respect to the other members 
of the entering class. That is, we 
know whether the student ranks in the 
lowest tenth of his class, the fourth 
tenth, or the highest tenth as deter- 
mined by his scores on each of these 
three tests. With the student’s decile 
standing on the tests, the normal fail- 
ure rate, and the test validities as our 
data, we can predict the student’s 
chances of success and failure on the 
basis of hjs score on each test. By so 
doing, we can also obtain an apprecia- 
tion for the difference in predictive 
power of tests whose coefficients of 
validity vary from .55 to .75. 

Knowing that this hypothetical coJ- 
lege of engineering has a normal failure 
rate of 20 per cent, we naturally will 
scrutinize closely the test records of 
those students in the lowest and second 
tenth of test scores, for it is from this 
20 per cent that we would expect the 
largest proportion of failures. The 
average student in the lowest tenth of 
the class as ranked by Test I (validity 
.55) fails the term in 53 per cent of the 
cases; as ranked by Test II (validity 
65), 62 per cent; and as ranked by 
Test III (validity .75), he fails in 72 
per cent of the cases. Clearly there is 
a definite gain in predicting the stu- 
dent’s chances of success on the basis 
of these three tests. The average stu- 
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dent in the second decile is, of course, 
less apt to fail. As predicted from re 
sults on the three tests, the second 
decile student can be expected to fail 
in 37, 41, and 46 per cent of the cases, 
depending upon the validities of the 
tests upon which the predictions were 
based. Table 1 lists the number of 
students per thousand that normally 
may be expected to pass a coursé of 
study under these conditions. 


TABLE 1* 


NUMBER OF STUDENTS PER THOUSAND THat 
WILL Pass a Course oF Stupy AS Pre- 
DICTED FROM DECILE STANDING ON, 
ENTRANCE TEST WHEN THE FAILURE 
RaTE 1s 20 Per CENT 




















Decile Coefficient of Test Validity 
Standing 
on Test 
tee = 5S5T Tig = .65 ri = .15 
Highest 
Tenth 
xX 982 994 999 
IX 955 977 993 
VIII 927 954 979 
VII 896 925 956 
VI 862 888 921 
V 823 841 871 
IV 775 782 798 
III 713 702 694 
II 627 587 539 
I 470 382 277 
Lowest 
Tenth 











* Adapted from a table by Richard P. T. 
Scott presented in ‘‘Statistical Procedures and 
Their Mathematical Bases,”’ C. C. Peters and 
W. R. VanVoorhis, McGraw-Hill Book Com- 
pany, New York, 1940, pp. 508-10. The 
table is read as follows: The average student 
in the upper tenth of the class (95th percen- 
tile) as determined by a test whose coefficient 
of validity is .55 normally will pass the term 
in 982 cases in 1,000; the average student in 
the lowest tenth of the class (Sth percentile) 
as determined by the same test normally will 
pass the term in 470 cases in 1,000. 

t rt, is the correlation between test scores 
and course grades or grade-point averages. 
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It is obvious from this table that the 
poorest students as identified by these 
tests have less than an even chance of 
success, but what of the best students 
inthe class? It is with respect to this 
group, say the upper one-half of the 
dass and more particularly the upper 
quarter, that the test results are most 
predictive. In the highest 10 per cent 
as ranked by Test I, only 18 out of 
1,000 will fail and this is decreased to 
only 6 and 1 in 1,000 in the cases of 
Tests II and III, respectively. Thus 
astudent in the upper tenth of the class 
as identified by any one of these three 
entrance examinations can be depended 
upon to pass the first term, unless fac- 
tors not measured by the tests operate 
in particular instances. 

I have discussed these three validi- 
ties, .55, .65, and .75, because they have 
particular significance for the fresh- 
man entrance examination program. 
Most good test batteries now in gen- 
eral use in colleges of engineering have 
a validity of approximately .55. Very 
few indeed range from .65 to .75 when 
these validities are correlations be- 
tween test scores and grade-point aver- 
ages or pass-and-fail during the first 
semester. The Pre-Engineering In- 
ventory is in the latter group when ad- 
ministered to fairly large groups of 
students and the elimination rate is 
qual to or greater than 10 per cent. 

Correlations of the magnitude of .55 
have considerable limitations for pur- 
poses of prediction, yet it is obvious 
that except for the lower 40 per cent 
of the students, the prediction is en- 
firely usable. The important general- 
ization as it applies to your measure- 
ment program is that it is not possible 
0 say definitely to an applicant that 
he has no chance whatsoever of suc- 
teeding in the college of engineering, 
however low his test scores may be. 
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This statement may be true in many 
cases, but it cannot be inferred from 
test scores alone. I caution you, there- 
fore, that if you are expecting the 
Project to develop a battery of ex- 
aminations which will sharply differ- 
entiate engineering students from non- 
engineering students, you will be dis- 
appointed; it is not possible, on the 
basis of test results, to distinguish 
sharply between those who can be- 
come good engineers and those who 
can never become engineers, and I 
doubt that this distinction should be 
attempted, except in extreme and obvi- 
ous cases. About the best we can ex- 
pect to obtain from test results (rig = 
.75) is an estimate that the poorer 
students in the group will have only 
about one chance in four of succeeding. 
In that same group, we can be very 
confident that the students in the upper 
half of the entering group will succeed 
in more than 97 per cent of the cases 
(11% per cent failure), again assuming 
a total failure of 20 per cent. 

In defense of the entrance test, I 
wish to point out that this lack of pre- 
cision is not alone a deficiency of tests 
in general. One of the principal rea- 
sons why test validities do not ordi- 
narily exceed .70 is the lack of relia- 
bility or dependableness in course 
grades with which test scores have 
been so frequently correlated. Unless 
we are able to obtain more dependable ' 
indices of the student’s success in col- 
lege, either through ranking by in- 
structors, achievement examinations, 
combined judgments, or other tech- 
niques, it will be extremely difficult to 
increase the validity of test batteries 
to as much as .75. When these more 
dependable criteria are obtainable, we 
can place greater dependence on en- 
trance examination results, not be- 
cause of any improvement in the test 
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batteries, but because the estimates of 
achievement which they are intended to 
predict have become more dependable 
and, we hope, more accurate. 


SoME EvIDENCE OF THE VALIDITY OF 


THE PRE-ENGINEERING INVENTORY 


Let us now consider briefly the re- 
sults of two Project studies which il- 
lustrate some of the principles previ- 
ously discussed. The first study was 
concerned with a general college popu- 
lation in a large university and the 
second was a study of a large A.S.T.P. 
group in a second university. 


I 


At University A, the Pre-Engineer- 
ing Inventory was administered to 
1,175 freshman students entering in 
the fall of 1943. In this class there 
were 428 engineering students, 167 
science students, 162 liberal arts stu- 
dents, and 418 business or commercial 
students. Only three Pre-Engineer- 
ing Inventory tests were studied: Gen- 
eral Verbal Ability, Technical Verbal 
Ability, and Comprehension of Scien- 
tific Materials. University A also ad- 
ministered a systematic test battery of 
its own which included the American 
Council on Education Psychological 
Examination, the most widely used test 
of general scholastic ability at the 
freshman level, and the Codperative 
General Achievement Tests. 

The testing program at University 
A provided an opportunity for mak- 
ing an interesting comparison between 
three types of tests for selecting pre- 
engineering students. The American 
Council on Education Psychological 
Examination is commonly recognized 
as a general scholastic ability test. It 
is widely given as a college entrance 
examination to students entering vari- 
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ous curricula. It affords, conse 
quently, a basis for making compare 
sons among curricular groups. This 
measure of comparability is very use 
ful in follow-up studies of the effec. 
tiveness of selection tests. The Co 
operative General Achievement Tests 
I, II, and IiI (Social Science, Natural 
Science, and Mathematics) were con- 
structed to measure achievement in 
their respective fields as taught in 
grades 9 through 12. These tests have 
also been used in many instances as 
college entrance examinations, further 
increasing the range of ability to which 
they are assumed to apply. The Pre 
Engineering Inventory, on the other 
hand, was specifically designed to test 
those abilities which are of particular 
importance in the study of engineering 
and was carefully adjusted to the abilt- 
ties. of engineering students, rather 
than freshman college students in gen- 
eral. 

The test results for the four cur 
riculum groups are summarized i 
Tables 2, 3, and 4. For purposes of 
illustrating the point concerning get 
eral versus specific scholastic aptitudes 
made earlier, consider first the meaf 
scores and standard deviations of 
scores for the four groups on the 
A.C.E. Psychological Examination 
presented in Table 2. Judging from 
these results, it would be reasonable to 
assume (1) that the Engineering, 
Science, and Liberal Arts groups have 
approximately the same “scholastit 
aptitude” and (2) whatever differences 
exist among these three groups can be 
attributed primarily to differences i 
quantitative ability (“Q” score) # 
measured by the A.C.E. Psychological 
Examination. The Business group, @ 
this instance, is systematically lower 
in test performance than the other 
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groups do not differ significantly in 
linguistic or verbal ability is found in 
the results for Pre-Engineering In- 
ventory Test I presented in Tabie 4. 


three groups and this fact is observa- 
ble in the results of all other tests ad- 
ministered. Further eviderice that the 
Engineering, Science, and Liberal Arts 


TABLE 2 


MEANS AND STANDARD DEVIATIONS OF SCORES ON THE AMERICAN COUNCIL ON EDUCATION 
PSYCHOLOGICAL TEST FOR Four CURRICULAR GrRouPS AT UNIVERSITY A 

















“= "" “ot Total 
Group N 
M S.D. M S.D. M S.D. 
Engineering......... 428 70.38 13.91 47.18 8.61 117.56 19.31 
ES cin ‘oacsas's 0's 167 70.67 14.01 45.33 9.02 116.00 19.85 
Seeral Arts........ 162 71.73 14.42 42.35 10.23 114.08 21.38 
Sr ee 418 63.43 13.13 39.91 9.74 103.34 20.07 

















* Linguistic Section. t Quantitative Section. 


TABLE 3 
MEANS AND STANDARD DEVIATIONS OF SCORES ON THE COOPERATIVE GENERAL ACHIEVEMENT 





TEsT FOR Four CurRRICULAR Groups AT UNIVERSITY A 























I* IIt IlIt 
Group N 
M S.D. M S.D. M S.D. 
Engineering......... 428 73.37 9.88 | 68.81 6.77 69.78 6.68 
ee 167 72.57 10.22 67.32 6.52 67.47 6.61 
liberal Arts........ 162 71.79 10.38 62.57 6.48 63.55 7.25 
BUS. cca c ce 418 65.77 9.36 58.28 5.71 59.88 6.44 











* A Test of General Proficiency in the Field of Social Studies. 
+ A Test of General Proficiency in the Field of Natural Sciences. 


tA Test of General Proficiency in the Field of Mathematics. 


TABLE 4 


MEANS AND STANDARD DEVIATIONS OF SCORES ON THE PRE-ENGINEERING INVENTORY TESTS 
FOR Four Groups AT UNIVERSITY A 


























I*- Ilt IIIt 
Group N 
M S.D. M S.D. M S.D. 
Engineering SN eae 428 39.46 16.22 47.89 16.29 47.97 15.31 
Ge art iat 167 41.43 16.02 43.14 15.48 42.96 15.14 
liberal Arts........ 162 42.94 15.91 29.54 16.93 31.75 16.16 
Bisiness............ 418 33.20 15.46 19.00 11.47 24.10 12.84 








* A Test of General Verbal Ability. 
+t A Test of Technical Verbal Ability. 
tA Test of Ability to Comprehend Scientific Principles. 
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Distributions of scores for the four 
groups provide us with information 
not easily deduced from a considera- 
tion of the mean scores and the stand- 
ard deviations of scores. The distri- 
butions of scores on the “L” section of 
the A.C.E. and the Pre-Engineering 
Inventory test are shown in Figs. 1 
and 2. Drawn to the same scale, the 
distributions of scores in these two fig- 
ures show marked similarity. This is 
as it should be since these two tests 
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Fic. 1. Distributions of “L” scores (linguistic section) of the American Council Psyche 
logical Examination at University A.* 


* The horizontal line near the center of each of the four figures represents the mean scoft 
for the group of students. The middle 50 per cent of the scores fall between the top am 
bottom of the black rectangle; all except the highest and the lowest-10 per cent of the scores 
fall between the top of the upper and the bottom of the lower white rectangle; and all except 
the highest and the lowest 1 per cent, between the extreme upper and lower ends of eatl 


figure. 


PROGRAM OF FRESHMAN EVALUATION 








are intended to measure the same 
ability. 

It would be impossible, however, to 
select engineering students on the basis 
of an examination which does not sys 
tematically penalize the student who is 
not particularly well equipped for en- 
gineering study. In other words, the 
distribution of scores for a group of 
engineering students should be sys 
tematically higher than the scores on 
the same test for a group of liberal arts 
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Liberal Arts Business 


Distributions of scores on the Pre-Engineering Inventory Test I—General Verbal 


Ability, at University A. 


students, assuming, of course, that the 
test measures a specific ability which is 
known or assumed to be necessary for 
engineering study and not of a crucial 
nature as far as liberal arts students 
are concerned. General verbal ability 
is unquestionably a common denomina- 
tor in general scholastic ability, but 
selection for specific curricula cannot 
be effected on the basis of common de- 
nominators. 

The problem then is to construct a 
test which will “pull out” the engineer- 
ing students from the general popula- 
tion of college freshmen. It is possi- 
ble ordinarily to construct a test in 
mathematics and high school science 
which will make this distinction, but 
the difficulty of such tests must be very 
carefully adjusted, or the differences 
will be hidden in the test results. Ac- 


tually, in some cases, test results may 


be decidedly misleading since groups 
can be made to appear quite similar in 
ability although great differences exist. 

There is some evidence, in this case, 
that the quantitative section (“Q” 
score) of the A.C.E. Psychological Ex- 
amination permits the Engineering 
Group to reveal their superior ability 
in mathematics (see Table 2). This 
difference, however, is somewhat ob- 
scured by the small differences in the 
total score. The heavy weighting of 
the linguistic section of this test tends 
to overweight the quantitative section 
for purposes of selecting engineering 
students from a general freshman 
population. 

The necessity for a test carefully ad- 
justed in terms of difficulty is demon- 
strated in the results for the Codpera- 
tive Natural Science Test and Tests 
II and III of the Pre-Engineering In- 
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Fic. 3. Distributions of scores on the Codperative General Achievement Test II (Science) 
at University A. 


ventory. The principal difference be- 
tween these science tests is the range 
of difficulty of the test situations and 
the sampling of the content presented, 
yet the distributions of scores are 
markedly different. 

Consider first the uniformity of the 
mean scores on Test II as shown in 
Table 3. A small standard deviation 
(S.D.) indicates that the scores are 
not widely distributed. Figure 3 in- 
dicates also that there were very few 
scores below 50 in any of the four cur- 
ricular groups. This score is the in- 
tended national mean for eleventh grade 
students. The effective range of the 
Coéperative Natural Science Test is, 


as it pertains to freshman groups, little 
more than one-half of the total test 
situations. All students answer at least 
one-half of the questions correctly and, 
consequently, discrimination can be 
effected in only half of the possible 
range of scores. The Codperative Na- 
tural Scierice Test is either too steeply 
graduated in difficulty at the upper 
end of the scale or there is not sul 
ficient “ceiling” to the materials pre 
sented to discriminate effectively within 
groups of engineering students. 

The Pre-Engineering Inventory tests 
maintain, of course, the same order of 
means but increase the differences be 
tween them. The greatest difference 
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Engineering Science Liberal Arts Business 
Fic. 4. Distributions of scores on the Pre-Engineering Inventory Test II—Technical Verbal 
Ability, at University A. 
TABLE 5 


RELATIONSHIP OF TEST SCORES AND NUMBER OF YEARS OF HIGH SCHOOL MATHEMATICS 
University B Group (NV = 606)* 




















P.E.1.—Composite 
A.G.C.T. Score Students Passing Term 
Years of Study N Gradet 
M ¢ M ¢ N % 
M o 
0 50 123.18 | 7.44 83.68 | 26.46 15 30 1.36 61 
1 37 125.86 | 7.21 85.49 | 19.07 31 84 1.30 56 
14 19 123.89 | 9.67 93.37 | 21.34 16 84 1.62 45 
2 133 125.95 | 7.76 | 100.71 | 24.52 121 91 1.69 .65 
24 155 125.74 | 7.47 108.39 | 30.44 138 89 1.88 79 
3 130 126.32 | 7.70 | 118.83 | 31.16 127 98 2.06 .70 
34 82 125.40 | 7.65 126.12 | 29.36 80 98 2.17 73 
Total 606 125.60 | 7.72 107.44 | 30.91 528 87 1.86 74 
































* Of this number, 52 students were separated from the program before the end of the term 
for scholastic reasons; 23 students failed and were separated from the program at the end of 
the term; 3 students were required to repeat Term I. 

tA =4, B = 3, C = 2, D = 1, and E or Fd. = 0. 
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between mean scores as derived from 
the Codperative Natural Science Test 
was 10.53 which was increased to 28.89 
in the case of Pre-Engineering Inven- 
tory Test III. 
from Figs. 3, 4, and 5 that the Pre- 
Engineering Inventory Tests II and 
III have succeeded in “pulling out” the 
engineering students from the general 
freshman groups at University A. 


II 


At University B, the Project stud- 
ied more than 600 A.S.T.P. students 
during the first term of the basic cur- 
riculum. The Pre-Engineering Inven- 
tory, A.C.E., and several other tests 
were administered to this group. The 
Army General Classification Test 
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It is rather obvious’ 
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(A.G.C.T.), scores were available for 
each trainee as well as the complete 
military and educational records of 
each trainee. 

In one part of our analysis, the stu. 
dents were classified on the basis of 
the number of years of mathematics 
studied in high school. This separated 
the group of 606 students into seven 
groups. The average A.G.C.T. score, 
the P.E.J. Composite Score, and the 
per cent of failure in each group were 
calculated. The results are presented 
in Table 5. 

There were no distinguishable dit- 
ferences among the average A.G.CT. 
scores for the seven groups. In no 
case did the difference between mean 
scores exceed 3.5 points and the stand- 
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on the Pre-Engineering Inventory Test III—Ability © 
Comprehend Scientific Materials, at University A. 
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35 Years Mathematics 


Fic. 6. Distributions of scores on the Army General Classification Test for three groups of 
A.S.T.P. trainees at University B. 


ard deviations were all approximately 
7.5. The mean composite scores on 
the Pre-Engineering Inventory, how- 
ever, indicated that the groups were 
markedly different. The students hav- 
ing had no formal mathematics in high 
school received an average score of 
83.68 while those who had three and 
one-half years of high school mathe- 
matics received an average score of 
126.12. 

The distributions of scores also dif- 
fered markedly. It is evident from 


Figs. 4 and 5, again drawn to the same 
scale, that test results can obscure dif- 
ferences that are known to exist be- 
tween groups of students. 


It is inter- 


esting to note also that the failure rate 
in the seven groups declined in direct 
ratio to the number of years spent in 
the study of high school mathematics. 
The failure rate for those students who 
had not had formal mathematics in 
high school was 35 times greater than 
that of the group which had had three 
and one-half years of high school mathe- 
matics. Here again is direct evidence 
of the fact that a general scholastic 
ability test does not provide the most 
meaningful estimate of the freshman 
student’s ability to succeed in the col- 
lege of engineering. 

In Universities A and B, correla- 
tions between test scores and grade- 
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point averages further reveal the su- 
periority of the Pre-Engineering In- 
ventory tests. At University A, the 


validity coefficient of Tests II and III. 


combined was .69;* for the American 
Psychological Examination, .43. These 
results were almost duplicated at Uni- 
versity B. In the latter institution, the 
validity coefficient of the Pre-Engineer- 
ing Inventory was .67; the American 
Psychological Examination, .47; and 
the A.G.C.T., .33. 

There are numerous other aspects 
of the studies at Universities A and B 
that merit your consideration, but time 


* The coefficient of multiple correlation. 
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does not permit their discussion here 
Without presenting further evidence 
of the validity of the Pre-Engineering 
Inventory, I wish to conclude my dis- 
cussion of our experimental results by 
stating that the Pre-Engineering In- 
ventory has been compared with eight 
of the most widely used classification 
and scholastic aptitude tests. These 
comparisons were made in controlled 
studies where all tests were adminis- 
tered to the same groups of students 
and the results obtained by the ordi- 
nary methods. Of these examinations, 
no one test has ever proved more valid 
than the Pre-Engineering Inventory. 
In most cases, the validity coefficients 


35 Years Mathematics 


Fic. 7. Distributions of composite scores on the Pre-Engineering Inventory for three groups 


of A.S.T.P. trainees at University B. 
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are separated by as many as 15 to 20 
correlation points. 

These fragmentary evidences of the 
validity of the Pre-Engineering Inven- 
tory are only parts of complete studies 
which will be presented in future prog- 
ress reports. Since these results were 
obtained, the Pre-Engineering Inven- 
tory’ has been completely overhauled, 
improved in the light of our first year’s 
experience and experimental data, and 
it may be assumed that the battery is 
materially strengthened. 

On April 3, the Advisory Council 
yoted to increase the number of col- 
leges participating in the Project. 
While we are not ready to say that the 
work on the Pre-Engineering Inven- 
fory is completed, that this battery will 
require no further study and experi- 
mental use, we are prepared to recom- 
mend this battery of tests as being very 
helpful in a freshman testing program. 
Our researches will continue for some 
time. If your institution would like 
to codperate in these experimentations, 
we will be pleased to have you write to 
the Project Office (437 West 59th St., 
New York 19, N. Y.) for information 
relative to participation in the Project. 


IMPLICATIONS 


In conclusion, I should like to pro- 
pose ten questions which have implica- 
tions for the freshman measurement 
program in colleges of engineering. 
These are questions with which you 
will be concerned in the immediate fu- 
ture and, more particularly, in the 
postwar period. 


1. Do you expect to follow the same 
selection and guidance 


student 
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procedures as those employed be- 
fore the present war? 

2. Are you employing a systematic 
evaluation program? 

3. Are you satisfied with the results 
of your present freshman testing 
program? 

4. Are the tests you are using spe- 
cifically designed for measuring 
the abilities of freshman engineer- 
ing students? 

5. Are you using tests whose results 
are highly correlated with success 
in engineering study ? 

6. Do you know how your freshman 
students compare with those en- 
rolled in other colleges of engi- 
neering similar to your own or 
with engineering students in gen- 
eral? 

7. Do you expect postwar engineer- 
ing enrollments to be about the 
same as those in 1940? 

8. Do you expect the recent “G.-I.” 
Bill to leave your college unaf- 
fected ? 

9. Do you section students on the 
ability basis for instructional and 
remedial purposes? 

10. Are you following a laissez faire 
policy of student elimination? 


If you can truthfully answer all of 
these questions in the affirmative, then 
you have solved or are not attacking 
many of the problems of student evalu- 
ation ; if some of these questions must 
be answered in the negative, then the 
Measurement and Guidance Project 
in Engineering Education may have 
implications for your postwar policies 
of student selection and guidance. 








Discovery of Engineering Talent * 


By R. L. SACKETT 


Chairman, Committee on Selection 


This Society has been interested in 
the development of mental tests of gen- 
eral scholastic ability and of aptitudes. 
The early intelligence tests showed de- 
‘grees of mental capacity but did little 
to measure preparation for education 
in general or in particular. 

Tests in English, mathematics, 
science and numerous other subjects 
were prepared through the efforts of 
the American Council on Education. 
These and the Scholastic Aptitude Test 
were tried out by various institutions 
but the results were not sufficiently 
predictive of success in academic edu- 
cation to satisfy hopes which had been 
raised too high. There was no general 
movement to adopt particular tests 
either for admission or for guidance. 
Experimentation went on. 

Early in the history of Engineers’ 
Council for Professional Development, 
the Committee on Student Selection 
and Guidance, with Dean Barker of 
the Society for the Promotion of En- 
gineering Education, conferred with 
Dr. Ben Wood of Columbia University. 
The purpose was to discover selective 
tests of ability and aptitude for pro- 
spective engineering students. The 
Codperative Test Service of which Dr. 
Wood was head had had no experience 
in that field. The use of English, 
science, mathematics and other tests 


* Presented at the 52nd annual meeting, 
S.P.E.E., Cincinnati, Ohio, June 22-25, 1944. 
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was considered. It was finally decided 
to give the codperative tests in English 
and mathematics to 1,738 entering en 
gineering students in eight cooperating 
institutions in 1934 and again to the 
classes entering in 1935. 

At the end of one year the coefficients 
of correlation of the math. score with 
the average grade in all subjects taken 
varied from r= 0.440 to 0.645, the 
average being 0.554. 

The correlation of the English test 
score with the same average for all 
grades for the year varied from # 
= 0.252 to 0.580, the average being 
0.402. 

Charts were prepared for each pat 
ticipating institution which gave a cot 
siderable amount of information con- 
cerning the grades of each student 
through three years of college expert 
ence with causes for withdrawal or 
failure when it occurred. The scores 
in the math. test were given on ome 
chart and the scores in English on afte 
other with grade distribution. Se 
E.C.P.D. reports for 1935 and 1936 

From 1937 to 1940 the subject d 
guidance and the need for selectivé 
tests were emphasized. Guidance pre 
cedure had been definitely improved 
by better informed high school cout 
selors and by the aid of committees of 
engineers. 

The increasing number of thos 
being admitted to engineering in the 
twenties and the percentage of those 
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who failed to obtain a diploma was re- 
gonsible for that portion of the In- 
yestigation of Engineering Education 
which was concerned with the admis- 
son of students and the causes of fail- 
wre or withdrawal. The information 
dbtained in the Investigation made it 
dear that boys were admitted to engi- 
neering who did not have the interests 
md abilities necessary to success in 
technical studies. They had not been 
well-informed or advised. They had 
not been led to consider the essentials 
required to achieve a healthy measure 
a growth. They withdrew because 
they were ill-prepared, lacked sustained 
will-power, ability to concentrate, were 
il due to overload on the below aver- 
we student, or they needed to earn 
too much of their expenses. 

Their grades were below average be- 
cause admission to engineering depart- 
ments depended mainly on high school 
grades in general and did not evaluate 
aptitude for mathematics, science, vis- 
tal geometry and engineering interests. 
The report of the S.P.E.E. Commit- 
tee on Selection made at the San Fran- 
cisco convention in 1940 gave a large 
amount of information on the wide 
variation in admission requirements 
ad on the extensive interest in vari- 
ous types of tests given for the pur- 
pose of demonstrating general scho- 
lstic preparation or specific aptitudes 
ad knowledge. Some tests were used 
for admission, others for counsel, 
ttientation, or placement. There was 
0 agreement on the purposes which 
fests should serve or the specific tool 
fo be used. See Journat or Encr- 
NEERING EpucaTIon, October 1940. 


THe Yate UNrversity TEsts 


In the search for selective tests 
which would expose arts, science and 
gineering aptitudes and thus help in 
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guidance, the subject was discussed 
with A. B. Crawford, head of the De- 
partment of Personnel Study, at Yale 
University. 

For some years he had given a bat- 
tery of tests designed to show the gen- 
eral scholastic field for which an enter- 
ing or first year student was best 
equipped. 

Through the efforts and intefest of 
President A. R. Cullimore, of Newark 
College of Engineering, Professor R. 
S. Bartlett was obtained as a member 
of the faculty. He had been a grad- 
uate student under Dr. Crawford and 
understood the objectives and pro- 
cedure in administering the tests. 
They were revised in view of experi- 
ence and the battery was given to 
about two thousand entering freshman 
engineering students in six institutions. 
The scores were obtained and at the 
end of the first year the average grades 
in all subjects were collected and the 
correlation worked up. There was 
definite evidence corroborating previ- 
ous experience, that the tests did show 
significant differences between students 
adapted better to arts or to science or 
engineering. It also showed that some 
were equally prepared for any one of 
the three areas of study, and others 
who were poorly prepared to attain 
mastery in any field. 

These latter facts were also impor- 
tant but our interest was to discover 
those who had a definite flair for engi- 
neering rather than for another field. 

This study was carried for two years 
with two entering classes and the re- 
sults were corroborative. 

In addition Dr. Bartlett gave a modi- 
fied battery of the same tests to 1,000 
junior and senior high school students 
in New Jersey in order to study the 
effectiveness of such tests in suggest- 
ing the line of electives which the high 
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school students should follow in their 
high school studies. 

So far as these students entered en- 
gineering schools (particularly Newark 
College of Engineering) the correla- 
tions with their college grades indi- 
cated the same general results though 
the number of students under control 
was relatively small. 

The two reports prepared by Dr. 
Bartlett received widespread attention 
by engineering teachers. They were 
printed in the JouRNAL oF ENGINEER- 
ING Epucation for November 1941 
and March 1943. 

The battery was composed of the 
following tests: 


. Verbal comprehension 
. Artificial language 
Verbal reasoning 

. Quantitative reasoning 
Mathematical aptitude 
. Spatial visualization 

. Mechanical aptitude 


NAM WNH 


The results justified the belief that 
certain aptitudes could be measured. 
There was evidence that math., science, 
spatial visualizing ability and mechani- 
cal aptitude were important factors in 
differentiating prospective engineers. 
More information was necessary to 
demonstrate the weight to be given any 
test and to establish its general validity 
by giving achievement tests or by some 
other method which will explain dif- 
ferences in the results obtained under 
different conditions. 

After the two year study which sup- 
ported the opinion of Dr. Crawford 
concerning the significance of the Yale 
tests, Dr. Bartlett accepted the head- 
mastership of Gunnery School, at 
Washington, Connecticut. 

It was important that this line of 
study be carried. further. Appeal was 
made to the Carnegie Foundation for 
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the Advancement of Teaching through 
Dr. R. E. Doherty, then Chairman @ 
E.C.P.D., President A. R. Cullimor 
chairman of the Committee on Student 
Selection and Guidance, E.C.P.D., ang 


the writer. Interest was taken in the 
subject by Dr. W. A. Jessup, President 
of The Carnegie Corporation and @ 
The Carnegie Foundation, by Dr, W. 
S. Learned, and Dr. K. W. Vaughn, 
the last of whom was later designated 
Director of the Measurement and Guid 
ance Project in Engineering Educa 
tion. After due consideration, a tt 
party agreement between the Carnegie 
Foundation S.P.E.E. and E.C.PD, 
was arranged and approved by the 
parties concerned. 

It provides for a continuation of the 
test method but with two changes in 
procedure. 

. First, the preéngineering inventory- 
battery of tests was changed to include; 


1. General verbal ability (general ve 
cabulary) 

2. Technical verbal ability (technical 
vocabulary ) 

3. Ability to comprehend and interpre 
scientific materials 

4. Ability to do quantitative thinking 
(mathematics ) 

5. Ability to comprehend mechanical 
principles and applications 

6. Spatial visualizing ability 


The second changé in program is the 
decision to employ achievement tests 
to be given probably in the second yeat 
as one base for computing correlatioms 
of test scores with the results of fhe 
first year of study. 

The average grades of all students 
as obtained by the usual methods 
each institution will also be used. 

This procedure will serve as a bat 
for the study of achievement tests afd 
institutional grading. A very careiil 
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and detailed study of each preéngineer- 
ing inventory test, the achievement 
ests, and college grades is desirable to 
gtablish their validity. 

There should be no illusions. The 
program is an extensive survey of the 
dfectiveness of tests by which to select 
mgineering students and the basis 





upon which to measure the reliability 
of such selection. By virtue of the 
complexity of human abilities, the im- 
portance of personality and character, 
there is much territory not yet culti- 
vated but it is believed that a gradual 
approach is being made by sound edu- 
cational engineering methods. 


Comprehensive Examinations* 


By R. H. 


FRAZIER 


Massachusetts Institute of Technology 


In discussion at the Conference on 
Tests and Comprehensive Examina- 
tions at the annual meeting of the So- 
ciety ‘seven years ago at Cambridge f I 
remarked that owing to the lack of 
precise terminology a comprehensive 
examination can be anything any of 
us say that it is. I was led to that re- 
mark by the fact that in none of the 
half dozen excellent papers presented 
at the conference was the word “test” 
used; all authors dealt with “compre- 
hensive examinations,” but took the 
meaning of the term for granted, and 
no two authors meant the same thing. 
In that same discussion I suggested 
that the Committee should consider 
for its next step an endeavor to codify 
the various brands of examination 
called comprehensive in order that a 
mutually understandable terminology 
might be available. Examination ter- 
minology like some of the terminology 
of economics and of law, for example, 
gets into difficulties owing to the fact 
that many every-day words are used in 
technical or special senses which for 
examinations may have only vague 
meanings. 

When I became chairman of the 
Committee on Comprehensive Exami- 
nations several years ago (the “Tests” 


* Presented at the 52nd annual meeting, 
S.P.E.E., Cincinnati, Ohio, June 22-25, 1944. 

+ JouRNAL OF ENGINEERING EpUCATION, Vv. 
28, pp. 368-369. 


had been dropped from the committe 
title for reasons that I do not know) 
we decided that: our first objective 
should be an attempt to find out what 
we were talking about. My brief dis #} 
cussion of comprehensive examination 
here can therefore serve also as a 
port to the Society on that activity d 
the Committee. 

At the conference of the Committe 
at the Ann Arbor meeting three years 
ago a rather extensive codification @ 
comprehensive examination termindé 
ogy was presented that contained dé 
nitions, charts, tables, and specifica gt 
tions. This work was printed in th 
November 1941 JourNnav.* Reading 
to you from the reprint would sounig”™ 
more or less like reading the dictionary, §* 
so I content myself by merely calling 
to your attention the fact that the work 
has been dorie and is available in print 
and by endeavoring to explain to yor 
the general principles that guided the 

_work and resulted in the rather broal 
concept of comprehensive examinati@t 
that it presents. Probably I shoul 
qualify my following remarks by sa 
ing that while I believe that the mem 
bers of the Committee are in genefl 
accord on philosophy of this work, the 
have not had opportunity to review i 


* On “Terminology and Specifications i 
Comprehensive Examinations in Engine 
ing,” JoURNAL OF ENGINEERING EDUCATION, 
v. 32 (1941), pp. 239-246. 
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urrent interpretation of it. The Com- 
mittee of course cannot claim status of 
Oficial Standard for the work, because 
ithas had no official adoption by any 
githorizing body, whatever such body 
should be. It was put forth as a first 
trial for purpose of criticism and re- 
fnement. Owing to war conditions 
with the activities of the Committee 
largely suspended during the past few 
years, the work has received little criti- 
cism or other consideration. 

In considering the miscellaneous 
kinds of examination that have gone 
mder the name comprehensive, the 
different objectives, the differences in 
sxope, the different levels at which the 
examinations are placed, and the differ- 
aces in details of administration, the 
Committee might have taken either of 
two views: first, that all these concepts 
a comprehensive examination cannot 
be right, and that hence a rather nar- 
tow definition must be formed limit- 
ing the concept of comprehensive ex- 
mination to a very special device; or 
second, that a broad definition should 
be formulated based on general prin- 
dples common to many of the brands 
in existence, leaving room for varia- 
tion of details. The Committee has 
taken the second of these views and 
las held that whatever the details of 
onstruction and administration may 
i, in order to earn the title compre- 
hensive, the examination should be 
built on certain general principles: (1) 
the examination should encourage cor- 
tdation of subject matter of the cur- 
titulum and perchance extracurricular 
xperiences of the examinees, (2) the 
taminations should eliminate the offi- 
tal forgetting points commonly estab- 
lished by the usual term examinations 
® quizzes in individual courses or in 
fragments of them, and (3) the ex- 
amination should acquire comprehen- 
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siveness by placing emphasis upon 
comprehension rather than through 
mere enormity of scope or by effort to 
include examples of every aspect of the 
ground covered. 

When based on these principles, we 
say that a comprehensive examination 
may be of the objective or nonobjec- 
tive (subjective) type, it may be given 
at the entrance, sophomore, senior, 
graduate, professional or some other 
level, it may include a single subject 
such as mathematics (up to the level 
of the examination), or an entire cur- 
riculum such as electrical engineering 
in its scope, it may be oral, written, or 
laboratory in style, and may have sev- 
eral aims and uses; it may use outside 
or inside examiners, may or may not 
permit the use of books or other ref- 
erences, and may have any desired 
duration. The examination may of 
course contain both objective and sub- 
jective parts, oral and written parts, 


open-book and closed-book parts, and 


so on. In what I have just said, I 
have more or less given by inference 
definitions of some of the terms estab- 
lished by our Committee. We say that 
when the type, level, scope, style, parts, 
aims, uses, examiners, reference con- 
ditions, and durations have been speci- 
fied, the pattern of the examination has 
been set. We have a chart in which 
by making check marks, inserting num- 
bers, or encircling letters this pattern 
can be quickly indicated. 

Establishing the pattern for the ex- 
amination fixes the broad outline into 
which its elements must be filled. We 
call each question, problem, or project 
an element of the examination, and we 
call each assemblage of elements of one 
kind a part of the examination. Estab- 
lishing the pattern requires a breadth 
of view and a feeling for what he is 
trying to do that is not very well de- 
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veloped either among engineering edu- 
cators or practicing engineers owing to 
lack of experience with comprehensive 
examinations as herein visualized. The 
detailed work of developing the various 
parts of the examination requires skills 
also inadequately developed owing to 
lack of experience. The various tech- 
niques that are involved cannot be ade- 
quately discussed here within the time 
permitted, so I shall limit myself to one 
aspect of the situation. 

Whereas a well rounded comprehen- 
sive examination can accommodate a 
variety of parts, in my opinion the 
principal part should consist of proj- 
ects, or problems each of which in itself 
is comprehensive, and may demand 
some exercise of judgment in formula- 
tion and solution. The basic principles 
set down for comprehensive examina- 
tions cannot be met merely by saving 
all the usual quizzes and term exami- 
nations until the end of the year or the 
end of the curriculum and putting 
them on a pile. The problems must 
be designed so as to compel the use of 
the interrelations of several subjects 
just as is often encountered in practice. 
The professorial approach to the con- 
struction of such problems often is too 
synthetic. The professor sets out to 
bring in certain material or bust, and 
produces a most artificial concoction. 
The practicing engineer usually has 
more ample sources than the professor 
from which to draw his material, but 
often fails to strip the problems of 
enough of the secondary details to 
make solution possible in a reasonable 
time. The best procedure seems to be 
to obtain a first draft from a practicing 
engineer and to subject it to some 
professorial editing, which preserves 
the interest inherent in the reality of 
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the problem but reduces it to practicd 
dimensions for the examination. 
Several reasons can be given for th 
slow development of comprehensive ex. 
amination technique. Among them ar 
limitations of time and expense, anf 
general inertia. Not the least of them 
is the traditional view shared by sty 
dent and instructor that an examin 
tion is merely a necessary evil that puts 
a number beside the student’s nam 
and decides his academic fate. Whe 
examinations pass from the status d 
mere superposed hurdles to vitally use 


ful components in the educational prot 


ess, both student and instructor view 
them with interest and real enthusiasm, 
as has been amply demonstrated by & 
perience with comprehensive examine 
tions of the kind characterized by this 
discussion, which provide a most & 
vorable influence as built-in membes 
of the educational structure. 

In the brief time at my disposal! 
have been unable to go into many & 
tails but have endeavored to explait 
the following views about compreher 
sive examinations : 

(1) A comprehensive examinations 
not a narrowly definable kind of & 
amination to which one may point afl 
say “this is it”; rather it is definablem 
terms of basic principles with allow 
ance of considerable latitude for detail 
of pattern. 

(2) A need exists for definite & 
amination terminology. The Commit 
tee on Comprehensive Examinatiois 
has made a start toward meeting thi 
need. Persons interested in the detail 
are referred to the results of the Com 
mittee’s work available here in repmitt 
form, or in the November 1941 Jout 
NAL, and to other references givél 
there. 
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Selection and Guidance Aspects of Codperative 
Engineering Education * 


By R. C. GOWDY 


Dean, University of Cincinnati 


There are strong indications that the 
“cooperative plan” will be adopted by 
many educational institutions of vari- 


«fous kinds and at all levels of training 


as soon as a supply of students is again 
available. If this expansion is made 


I merely by changing the calendar to per- 


mit part-time work, the benefits will be 
purely accidental, but if the educational 
possibilities of the plan are carefully 
exploited many advantages may be 
gained for the student, for industry, 
and for the colleges. 

It may therefore be appropriate at 
this time to discuss briefly the func- 
tioning of the cooperative plan in the 
selection and guidance of students in 
engineering. If I express only limited 
tegret and apology for the absence of 
quantitative analysis, perhaps I may 
find some, at least, who believe that 
subjective evaluations cannot be en- 
tirely replaced by arithmetic where 
human values are concerned, and others 
who will feel a passive gratitude in 
having been spared another question- 
faire. 

The codperative. plan of technical 
taining, was, as you know, placed on 
@M operating basis at the University of 
Gincinnati, in 1906, by the late Dean 
Herman Schneider. Reduced to its 


*Presented at the 52nd annual meeting, 
SP.E.E.. Cincinnati, Ohio, June 22-25, 1944. 


simplest terms this plan contemplates a 
parallel training in theory and in prac- 
tice. Students spend approximately 
equal time in industrial employment 
and in college training. Stripped of 
operational mechanisms that is all there 
is to it, but as a philosophy of educa- 
tion it is, as Charles F. Kettering has 
summarized in concentrated phrase, a 
method of “lap-welding” rather than 
“butt-welding”. technical training and 
professional activity. 

Since the cooperative plan includes 
standard academic practice dovetailed 
—or “lap-welded”—with industrial ex- 
perience, it is obvious that all of the 
methods and procedures of selection 
and guidance which are applied in 
regular full-time technical programs 
may be used without change or modi- 
fication in cooperative colleges. It will, 
therefore, be the purpose of this paper 
to indicate points of difference, rather 
than similarity, in the functions of se- 
lection and guidance as they appear in 
the operation of the codperative plan 
contrasted to the conventional method 
of training. 

It might as well be admitted with- 
out subterfuge, excuse, or alibi, that all 
of us have been fairly equally unsuc- 
cessful in solving the problem of selec- 
tion. We all have high mortality in — 
the freshman year, and have come to 
make a virtue out of this vice by 
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throwing over it the cloak of “high 
standards.” Human beings, change- 
able as they are at the age of entrance 
to college, may not be accurately meas- 
urable in immediate or potential ability, 
but no administrator can view without 
self-accusation the ‘long lists of “with- 
drawn,” “suspended,” and “dismissed” 


students, compared to the small files of. 


graduates. 

The cooperative plan does not solve 
the problem of selection, but it does 
introduce an additional grid in the 
screening process. It will probably be 
accepted that the proper attitude of a 
student towards his work is a neces- 
sary, if not a sufficient, condition for 
success, and that a high I.Q. is valu- 
able only when combined with deter- 
mination. Perhaps the educational 
psychologists may eventually devise 
tests which will give reliable evaluation 
of motivation, but, so long as there is 


a traditional glamour to college life and 
a feeling among parents that a college 
education must be given to their off- 
spring to achieve or maintain family 
prestige, many will come to academic 
halls who have no right nor purpose 


in being there. The codperative plan 
does not solve this problem, but it 
greatly reduces it. The prospect of cal- 
louses, broken nails, and sore muscles, 
eliminates to a large degree the stu- 
dents who do not have serious purpose. 
It is not necessary for the admission 
authorities to do anything to enforce 
this selection, it is automatic, at least 
in colleges in which only codperative 
programs are offered. The converse 
of this proposition is, of course, not 
true, that students who prefer the con- 
ventional programs are, ipso facto, 
dilettante, nor does it follow that co- 
. operative students are “grinds” and do 
not take an active part in extra-cur- 
ricular activities, for, in spite of heavy 
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schedules and work-period interrup 
tions, it is the general experience tha 
these students do find time for norm 
development in student activities. 

There is also a factor of false se 
lection operative in full-time college 
which, if not absent in codperative ip 
stitutions, is rendered less determing 
tive, and that is the financial qualific 
tion. It has generally been the prae 
tice to treat the income from industrial 
work as a fortunate by-product of the 
practical experience. This is a nec 
sary attitude for the college to take 
since, otherwise, the student is likey 
to insist on the best-paying job 
whether or not it provides the bet 
training. But it is nevertheless, a fact, 
that the earnings of codperative stt 
dents have provided many of them a 
opportunity for professional training 
which they would not otherwise hate 
been able to obtain. 

A third result of the codperative 
plan serves partly as belated selection 
and partly as guidance. There af 
many paths by which students reat 
the doors of an engineering college 
Some have followed roads which hat 
been direct and clearly marked by wa 
recognized aptitudes and preferences 
Others come by devious routes anda 
few arrive by chance or by misdite 
tion, not infrequently given by dete 
mined parents. Some of these mit 
guided students make a qualified sit 
cess in spite of difficulties, but a fe 
find the whole atmosphere of industtid 
production or construction definite 
unbearable. The reaction to evena 
brief exposure is conclusive evidemt 
that they want no part of it. Unde 
present schedules in codperative pit 
grams this experience may not com 
until the end of the freshman year@ 
beginning of the sophomore year, ail 
for selection this may be a little lat 





COOPERATIVE ENGINEERING EDUCATION 


bat the damage, if any, is not irrepar- 
able for such students are often excel- 
lent material in the fields of mathe- 
matics or science and the academic pro- 
grams which they have followed are 
by no means wasted. 

If the methods of selection by ex- 
amination and psychological tests were 
entirely accurate and dependable the 
functions inherent in the codperative 
plan would not be necessary. But it is 
hardly possible that human evaluation 
can ever be exact, and border-line cases 
may still require practical test. The 
cooperative plan provides an oppor- 
tunity for experimentation at an early 
stage in the program. 

A few case histories may serve to 
illustrate the way in which students 
have found from experience the error 
of their first choice on entering college 
and also by practical experience have 
discovered a field in which they later 
had conspicuous success. For obvious 
teasons the individuals and the com- 
panies involved will not generally be 
named. ; 
. A entered as a student in elec- 
tical engineering in 1911 and was 
placed first in a general foundry and 
machine shop and then with an elec- 
tric elevator company. He found the 
mechanical part of his work more inter- 
ting than the electrical and changed 
to mechanical engineering. He was 
placed with an engine company and de- 
veloped almost a fascination for the 
generating of power. He is at present 
the vice-president of one of the largest 
#ronautical corporations in the coun- 
ty turning out horsepower at a rate 
inbelievable before the war. 

The case of Mr. B is relatively sim- 
ple as codperative experience goes, but 
illustrates the way in which practical 
experience is both illuminating and 
convincing to a student. He registered 


189 


as a mechanical engineer in 1925 and 
was placed with four different mechani- 
cal industries, including medium heavy 
machinery, automobile manufacture and 
plant maintenance. All of these he 
found too confining, but his work in 
plant maintenance had involved a little 
construction which he liked. He 
changed to civil engineering and was 
placed on the project of building a 
model community. After he graduated 
he held several responsible positions 
and finally became associated with the 
Tennessee Valley Authority, built and 
managed one of its towns and is now 
coordinator for the Federal Housing 
Commission. He was obviously not 
destined to design gears and cams. 

Mr. C entered in 1928 as a chemical 
engineer and was placed in a chemical 
industry which used a large amount of 
mechanical equipment. He found more 
interest in the machinery than in the 
material which it processed. At the 
beginning of his sophomore year he 
changed to mechanical engineering and 
was placed with a company which 
manufactured a component used in a 
great variety of machines. Since his 
sophomore year he has never left the 
employ of this company and now is 
one of its district managers. 

Perhaps these examples seem too 
simple. A more complicated case is 
that of Mr. D who entered in 1921! as 
a student in electrical engineering. He 
was placed for practical work with 
public utilities and manufacturing com- 
panies. His codp jobs had included 
both electrical and mechanical work 
and finding the latter more to his lik- ~ 
ing he transferred to mechanical engi- 
neering. After a year in this field he 
was still dissatisfied and changed to 
civil engineering, from which depart- 
ment he graduated. All of this vacil- 
lation cost him some time but appar- 
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ently it was not lost for he is now chief 
engineer in one of the Kaiser ship- 
yards on the west coast. 

These illustrations have all involved 
marked changes from one field of er- 
gineering to another, distinguishing the 
square peg from the round hole, but 
there is a second order of fitting in- 
volving the recognition of the penta- 
gonal peg and the hexagonal hole. 
This is a more difficult problem. 

Twenty-five or thirty years ago there 
were far fewer and much less reliable 
“batteries” of tests than have since 
been developed, and the reactions of 
students to their industrial placement 
furnished at that time a valuable basis 
for guidance. Three paragraphs 
quoted from an article published by the 
late Dean Herman Schneider in the 
American Magazine April 1917, will 
illustrate the method of operation then 
and the basic principle still employed 
in the utilization of practical experi- 
ence as a factor in guidance: 


“Two boys came into our codperative 
course together. They were of the same 
age, both unusually bright, both decidedly 
of a mechanical bent. One of them was 
put to work in a railroad shop, the other 
at a lathe in a manufacturing shop. 

“The duties of the first boy were ever 
varying; he had to keep mind and body 
on the jump. The duties of the other boy 
were uniform and repetitive. Both of 
them were dissatisfied and began to slump 
in their work. 

“The student in the railroad shop was 
slow in getting his mind adapted to new 
circumstances. The one at the lathe, on 
the contrary, had the type of mind that 
grasps things quickly, that revels in 
kaleidoscopic variation. So we had them 
exchange jobs. Both then did excellent 
work for the rest of the course.” 


It may be objected that this case his- 
tory is oversimplified, which possibly 
it is, and that the cross transfer from 
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production to maintenance is a trivial 
matter, which definitely it is not, sing 


cooperative employment  frequeatl 
leads to placement after graduation 
and under-graduate adjustments my 
have a far reaching effect. 

It is in this area of final sorting tha 
the codperative plan has something 
offer which as yet has hardly been 
placed by other methods. 

Any fairly effective screening prot 
ess would undoubtedly have placed i 
mechanical engineering both of th 
boys just described, and they would 
probably have gone there under ther 
own power anyway. But “mechanic 
engineering” takes in a large territory 
and its subdivisions do not have shap 
boundaries. Exact localization is there 
fore difficult. Even beyond the specific 
activities of an occupational placement 
are other matters which enter inl 
satisfactory adjustment, such, for & 
ample, as the policy of management, 
the opportunities for advancement, 
working and living conditions. 

All of these factors are important 
a young man in selecting his specially 
within a general field, and specifically 
in choosing his initial placement after 
graduation. It is doubtful that amy 
abstract analysis can replace actual & 
perience in the final steps of guidanee 
which precede the placement of an 
gineering graduate, and the cooper 
tive plan furnishes information both to 
the student and to his advisers whichis 
very useful and valuable in these latter 
stages of college training. 

It has been pointed out that the fune 
tions of selection and guidance memgt 
indistinguishably at the beginning d 
a student’s career. If it is the purpo® 
of a technical program to provide 
supply of trained young men for it 
dustry, the function of the engineenitg 
college has not been completed until 
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its obligation. to both student and in- 
dustry has been fulfilled in final 
placement following graduation. This 
placement should be more than a job 
following commencement. It should 
provide mutual satisfaction to em- 
ployee and employer. 

If this premise is admitted then 
guidance does not end with an exami- 
nation, and interview on registration 
day with an official more or less quali- 
fied and more or less unprejudiced, but 
continues with counseling, which 
checks experience against the unpre- 
dictable changes which are to be ex- 
pected in the adolescent, and merges 
fnally with the function of placement, 
—placement based not alone on code 
numbers intelligible only to the U. S. 
E. S—, but on first-hand experience 
with the type of job and with the or- 
ganization in which employment will 
be found. 

This merging of college training 
with placement in industry is one of 
tie important contributions which the 
woperative plan has to offer. Under 
normal conditions—if there ever were, 
or ever will be, normal conditions—a 
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large percentage of cooperative stu- 
dents find positions after graduation 
with the firms with which they have 


worked as codp students. The chief 
incentive for industrial companies to 
accept codperative students is that 
firms may have a priority in obtaining 
those whom they wish to retain in the 
organization. For this reason place- 
ment is not a serious problem in co- 
operative institutions; from fifty to 
eighty-five per cent of the graduating 
class will generally continue with their 
former employers with practically no 
discontinuity. 

It has been the purpose of this paper 
to suggest that the codperative plan has 
something to add to, not to substitute 
for, other methods of selection and 
guidance, and that it integrates pro- 
cedures from admission to placement. 
Its methods may be experimental, or, 
perhaps, more crudely, “cut and try.” 
Until human beings can be subjected to 
caliper, schleroscope, and spectrograph, 
and until an individual can be pre- 
vented from changing in the period of 
college age, such empirical methods 
may have a positive value. 








The Future in Engineering Education * 


By E. G. BAILEY 
Chairman, Bailey Meter Company; Vice-President, The Babcock & Wilcox Company 


No specific definition of engineering 
education is adequate—its completion 
can never be attained, and probably no 
agreement or finalization of curricula 
can be reached. The rapid growth and 
progress of engineering during the past 
century has been largely due to the dis- 
covery and use of more of nature’s 
laws than man had ever previously 
known. As each law is discovered, in- 
vestigated, accurately expressed and 
classified, it can be accepted and used 
in the never-ending search for more 
laws and in the utilization of heat and 
power and the conversion of the ma- 
terial things of this earth to man’s 
needs and uses. 

In seeking an engineering educa- 
tion, one usually begins by taking one 
of several courses in one of our many 
engineering schools. The education is 
continued after graduation by experi- 
ence in actual engineering work. Most 
large employers have spécial training 
courses which serve to acquaint the 
graduate with their specific line of 
engineering and teach him detailed ap- 
plication of the principles taught in the 
college courses. 

There is the third step of becoming 
a member of one or more of the many 
engineering societies, thereby obtain- 


* Delivered at the 10th annual conference, 
Boards of Trustees of Colleges and Univer- 
sities, at Lafayette College, April 21, 1944. 
(Published at request of Mineral 
nology Division, S.P.E.E.) 


Tech- 





192 


ing education from reading, presenting 
and discussing papers on engineering 
subjects which do, or at least should, 
pertain to the latest developments and 
problems in their respective fields. 
There is also the technical press with 
a still wider source of additional in- 
formation. 

Engineering education is on the post 
war planning list of many educators. 
Many say that curricula should include 
more of the fundamentals and less of 
the rapidly increasing specialized 
branches, yet actual experience of the 
past has shown that as new inventions 
and developments are made, there is an 
inevitable demand from industry and 
the students for new courses in such 
subjects. 

Many engineering schools have 
courses in as many as twelve or more 
different branches of engineering and 
throughout the country there are listed 
more than thirty different engineering 
courses. No one school has yet under- 
taken to give courses in that many 
branches. 

Many educators, employers and 
graduates have expressed opinions that 
there is need for more economics, psy- 
chology, human relations, social s¢i- 
ences or whatever may be required to 
broaden the engineer’s education along 
lines other than strictly technical 
knowledge and training. Many teach- 
ers have passed on to their students 4 
great deal of personality through their 
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inspirational leadership, which could 
not possibly be expressed in the pre- 
scribed courses or textbooks, but which 
fortunately has resulted in a much 
needed broadening of the viewpoint of 
engineers, in addition to their technical 
ability. Unfortunately, all students do 
not fully appreciate the opportunities 
presented to them by such teachers. 

In the opinion of the author, the 
greatest criticism of our engineering 
education is the apparent failure of the 
teachers or the employers of the grad- 
wates to develop a sufficient supply of 
men for leadership and high executive 
positions. 

In a recent talk before the Mineral 
Industry Education Division of the 
American Institute of Mining and 
Metallurgical Engineers (February 20, 
1944) Dr. Nicholas Murray Butler 
said : 


I repeat what I have said a good many 
times, that as a result of present-day con- 
ditions, and of the war itself, the two in- 
tellectual occupations which are to be 
most important and of greatest service in 
the years immediately before us are engi- 
neering and medicine. The great ad- 
vances which are being made in medicine 
are having and are bound to have a very 
remarkable and improving effect upon the 
health and the life conditions of the hu- 
man race. 

To the engineers in one form or an- 
other we are to look for those new in- 
ventions, discoveries and applications 
which change the aspect of life and in- 
crease the effectiveness of almost, if not 
every, occupation of man. 


With so many branches of our in- 
dustry based upon engineering, it is 
desirable that the engineer should so 
extend and develop all qualities related 
to this expansive development that he 
tan guide it along lines of still greater 
good. Many engineers have filled high 





THE FUTURE IN ENGINEERING EDUCATION 





193 


executive positions very creditably, but 
the trend seems to have been that the 
great majority became so restricted to 
specialized engineering problems that 
they failed to grasp and advance in the 
fields of human leadership, judicial bal- 
ance and economic concepts that are so 
necessary in industry today and will be 
even more so in the years to come. 

Engineering education does teach 
one to be factual ; one learns the law of 
conservation of energy; one learns the 
true significance of efficiency, all of 
which means that one cannot right- 
fully get something for nothing. To 
be true to his calling, an engineer must 
“keep his mind open until the facts are 
all in.” Why, then, is there not a 
larger percentage of engineers among 
the leaders and executives of industry 
and the public utilities, dealing largely 
with engineering matters? Only a few 
years ago most of such companies were 
organized and headed by men, most of 
whom learned and knew engineerfng 
from the school of hard knocks, ad- 
vancing from operating marine and 
stationary engineers, machinists and 
mechanics. 

Perhaps we can gain the best con- 
ception of what kinds of engineering 
education are needed if we start with 
the invention of a new type of engi- 
neering equipment, such as the steam 
turbine, which superseded the steam 
engine to a very great degree within 
the memory of many persons present. 

The development of the steam tur- 
bine required : 

1. Engineering design — involving 
thermodynamics, strength of materials, 
flow of fluids, and many other features. 

2. Experiments and research with- 
out end, some of which are still con- 
tinuing. 

3. Technicians of a high order to 
fabricate the parts. 
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4. Metallurgists, as high tempera- 
tures and stresses were reached. 

5. Salesmen, with the necessary tech- 
nical background. 

6. Manufacturing, tooling and pro- 
duction methods. 

7. Installation and servicing 
operation from time to time. 

8. Through it all, vision, faith, per- 
sistence, executive: management and 
financing—all of these elements and of 
a high order were required to codrdi- 
nate Nos. 1 to 7 and bring about suc- 
cess for the benefit of mankind. 

Who better than an engineer with 
the qualifications of No. 8 can provide 
the overall coérdination required? In 
other fields of development, the ab- 
_ sence of sound engineering knowledge, 
plus executive ability, has wasted much 
time and money on false and impossi- 
ble pipe dreams under the pretext of 
revolutionary invention or has pre- 
vented or deferred progress upon 
worthy projects only to find that years 
later others with better executive engi- 
neering judgment brought about suc- 
cess. The men who can perform jobs 
Nos. 1 to 7 and do them well, must 
very often concentrate too much upon 
their specific problems to have the 
time, together with the ability, per- 
spective, foresight, and inclination to 
evaluate the job to be done. 

Our engineering education has been 
largely devoted to training men for 
Nos. 1, 2, 4, 6, and 7, with too little 
attention to training of technically 
educated salesmen (No. 5) and the 
machinist or technician (No. 3). 

To summarize the foregoing state- 
ments, we need and have been training, 
in the most of our engineering schools, 
skilled and competent engineers who 
have a creditable record as inventors, 
designers, test and development engi- 
neers, superintendents, managers, some 


its 
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good sales engineers and a few to 
ranking executives. 

Trade schools, manual training high 
schools, shop apprentice training 
courses, have trained a goodly numbe 
of “technicians” or men with skilk 
such as draftsmen, tool makers, me 
chinists, welders, foremen.  Theg 
ranks have also been supplied in some 
measure from graduates from some @ 
our engineering schools. 

The executive is supposed to grow 
or sprout out of the graduates of the 
engineering school or even from the 
ranks of the technician by some magi¢ 
The fact that more do not do so leads 
many to realize that there is something 
lacking in our engineering curricul 
of today. We find many lawyers, a 
countants, and men with general bus 
ness education stepping into executive 
positions of corporations doing 4 
strictly engineering line of business 
Is there something gained by these pro 
fessions, either in school or later ex 
perience, that gives them abilities which 
the engineer has not attained or has 
not had a chance to gain from ott 
present curricula or training? Many 
lawyers or business-trained executives 
who have not also acquired a goodly 
knowledge of engineering, are at a di¥ 
advantage in that they must lea 
heavily on others for many decisions. 

The diagram on Chart No. 1 wil 
perhaps clarify the situation presente 
up to this point in this paper. This 
chart is labelled a “Flow Sheet of Me 
terials, Engineering, Industry afl 
Business.” * 

This diagram starts with a genenl 
classification of all materials available 
from this earth—plant and minerdl 
products, timber, non-metallic mit 
erals, metallic minerals, fuels, water and 


* Chart follows conclusion of this addres 
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air, and shows them passing through 
the hands of the general or fundamental 
engineers into industry and business. 

This indicates that the seven funda- 
mental engineering professions have 
definite fields of activity and functions 
to perform which are entirely separate 
and distinct from each other and which 
convert certain raw materials into usa- 
ble products for the next profession in 
line to take up and process further or 
else pass on to industry for detailed 
fabrication of useful products for other 
industries or through business for gen- 
eral use by society. Because of the 
inter-dependence of .one or more 
branches of engineering, it should be 
recognized that the title “Engineering 
Education” covers and includes many 
fields and industries. 

Mining Engineering—In sequence 
the mining engineer naturally comes 
first in his contact with the production 
or mining of minerals of all kinds, in- 
cluding fuels. He uses air and water 
to mine, clean, concentrate and deliver 
his products to the user, whether he be 
smelter, processor or ultimate user. 

Mining problems are a continual 
kaleidoscope of change within the earth 
itself. Ores become exhaused; new 
deposits must be found. Perhaps they 
are of lower grade so that different 
mining methods and more preparation 
and concentration are needed. The 
same is true of coal, oil and gas. Coal 
mining methods are changing radically 
with mechanization. The cleaning, 
sizing, and preparation of coal has 
changed, rightly or wrongly, according 
to the present requirements for coking 
and burning which methods will also 
continue to change. 

Metallurgical Engineering. — The 
metallurgical engineer comes next in 
the flow sheet, taking the metal-bearing 
minerals and smelting or processing 
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them into metals and often alloyj 
them for special purposes. The met 
lurgical engineer takes metal-bearity 
minerals and, using fuel and air 
certain refractories and steel strip 
tures, electric arc furnaces and a varie 
of processes, brings forth metals as 
major product. 

The metallurgist will always be calle 
upon to make better metals and alloy 
from lower grades of ore and produ 
them at suitable costs. The changeij 
fuels has been from charcoal to 
anthracite and bituminous coal; the 
to coke plus oil and natural gas, ani 
perhaps the future trend will be aw 
from oil and natural gas back to cole 
and more than likely even coke wil 
ultimately give way to still better meth 
ods of smelting. 

Ceramic Engineering.—The field d 
the ceramic engineer practically par 
lels that of the metallurgical engineer, 
but deals largely with non-metallic mit 
erals, processing and burning themi 
refractories—clay, tile, insulators, glas 
enamelled products, etc.—which finda 
wide variety of uses by other engineer 
as well as in industry. The ceramit 
engineer uses fuels, air and water il 
his processing. 

Ceramics, the oldest art develop 
into the youngest of the engineering 
professions, may be called upon for tt 
believable changes and will have gret 
opportunities as higher temperatuitt 
become available and myriads of 
knowns are brought to light so th 
glass, for instance, in its already mai 
forms will be improved and multiplied 
beyond present conception, with t 
fractories and other products to follow 
a similar trend. 

Civil Engineering.—The civil eng 
neer, belonging to the oldest of tit 
engineering professions, is in soit 
ways the most limited of all. Ht 
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takes the steel and other products of 


be ’ 8 the mining, metallurgical and ceramic 
bearing engineers, together with timber, earth 
aie and rock, and builds highways, dams, 
1 stra ifigation and navigation projects, 
a varies bridges, structures and handles sewage 
als as amd sanitary products for all others. 
Civil engineering is old but it will 
be calle never die. It may pass through suc- 
d along cessive stages of growth, standardiza- 
produry tion and apparent stagnation, but how 
range ig MANY structures ever have been, or 
to raf Will be, replaced with the same design 
1- they and structural material as that used in 
aii og the original ? 
at a Chemical Engineering —The chemi- 
to cok cal engineer may be classed as the most 








prolific in that he takes the entire range 
of raw materials from the earth, sea 
and air, and, by means of fuels, elec- 
tricity and a variety of techniques, 
brings about chemical reactions on a 
manufacturing scale and _ produces 


ke wil 
>r meth 


field of 
y paral 


an acids, a multitude of chemicals and 
them ag Teagents, pulp, paper, paints, solvents, 
s, glass tubber, synthetics, plastics, etc., and 
» finda Passes on raw materials and finished 
.gineen products for other engineers, indus- 
ceramicg tes and the ultimate consumer. 
ate Chemical engineering is currently so 
well known to everyone who reads or 
veloped listens, that more words here would , 
neering only be repetitious of what everyone 
fora has seen or heard already. Except that 
e gre everyone may not realize the possibili- 
raturag "es Of using high and higher tempera- 
of mg res for the processing of petroleum 
so. te products to recover a larger percentage 
y mal of motor fuel, synthetic rubber and 
Iti plied other synthetics. As the metallurgical 
the and ceramic engineers produce better 
“follor alloys and refractories and the mechani- 
cal and electrical engineers do their 
1 eng: | part with fuels and electricity, the 
of the chemists’ field will further expand. 
om Mechanical Engineering——The me- 
1 chanical engineer takes the products 
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of all four engineers described and con- 
structs power plants, machinery of all 
kinds, which, together with fuel, air 
and water, produce the power with 
which to drive our ships, railroads, 
automobiles and industry. The me- 
chanical engineer works closely in 
conjunction with all other branches of 
engineering and especially so with 
electrical. 

Some think that mechanical engi- 
neering, like civil engineering, has be- 
come of age and is beginning to stand- 
ardize, but that belief is true only in 
so far as standardization is justified. 
In the power field alone, the mechani- 
cal engineer, working with the elec- 
trical engineer, has been responsible 
for the great growth and improved 
efficiency in the past two decades 
during which the average pounds of 
coal per kwh. for all plants have been 
reduced from 2.4 to 1.3 with the better 
ones below 0.9. 

This was practically all accomplished 
by the mechanical engineer on the fuel 
and steam side of the cycle. The burn- 
ing of lower grades of coal continues 
with ever-increasing efficiency and re- 
liability. The larger boiler units for 
higher steam pressure and tempera- 
ture practically all burn pulverized 
coal and remain in service with great 
reliability. 

During the past decade the boilers of 
our navy have been completely re-de- 
signed, made larger and to operate at 
higher pressures and temperatures. 
Stationary boilers have been revolution- 
ized even more during the same period. 

The gas turbine may be in the offing 
and it is believed that it should be 
made to operate with coal as a fuel to 
be in step with the future fuel supply. 
Its field of application will probably be 
limited to certain sizes and uses. 

Aviation, automobile, power for the 
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navy and merchant marine, as well as 
locomotives, all fall within the province 
of the mechanical engineer with some 
record of accomplishment and more yet 
to be done. Fuels, thermodynamics 
and power are the life blood of our 
civilization and this is the distinct field 
of the mechanical engineer. 

Electrical Engineering.—The electri- 
cal engineer takes the power from the 
mechanical engineer to produce elec- 
tricity and distribute it to operate ap- 
pliances and communication systems 
for multitudinous and practically un- 
limited use. 

The general knowledge of electrical 
engineering in its many applications 
within the field of communication is so 
vast and greatly publicized that no 
more need to be said here. 

Fundamental Engineering Courses.— 
The seven engineering branches enu- 
merated seem to cover all that are 
needed to complete the engineering pro- 
fession. They all deal with materials, 
forces and energy in a fundamental and 
complete way. Furthermore, they are 
always dealing with changing condi- 
tions. 

Each branch of industry is produc- 
ing things for others to use. The prod- 
ucts of each industry are largely used 
by other industries or by the ultimate 
consumer. The general public, which 
includes the high-school graduate about 
to enter college, knows very much more 
about the finished products of industry 
than it does about the inter-industry 
products which are not so tangible and 
spectacular, but are often of much 
greater importance. 

Undoubtedly, the greatest and most 
far-reaching engineering problems lie 
within the needs of inter-industry de- 
velopment where a change in one calls 
for changes in others which can only 
be foreseen and properly met by those 
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engineers of broad education, perspec 
tive and foresight, who know some 
thing, at least, about other branches of 
engineering than the one in which they 
are specifically allied. 

For instance, the development of the 
railroads caused outstanding changes in 
the steel industry; the needs of the 
steel industry influenced changes if 
fuel supply, such as the by-product 
ovens for coke and gas; the airplane 
has been a factor in the production of 
aluminum and magnesium; the auto 
mobile caused a revolution in petroleum 
refining ; the seeming limitation in pe 
troleum supply will influence the cost 
and possible sources of motor fuel 
Fuel availability and cost will affed 
the future of the diesel locomotive, the 
much talked of gas turbine and engi- 
neering activities in many directions, 
The development of the steam turbine, 
previously referred to, came at a time 
when it and its inherent thermodynami¢ 
characteristics resulted in advances if 
steam pressure, steam temperature, con- 
denser vacuum, stage heating and 
larger units. These in turn had @ 
great influence on steam boiler design, 
condensers, and electric generators now 
cooled by hydrogen to keep in step if 


. the race. 


The steam turbine, more than any 
other one development, helped to bring 
about the low cost and extensive use of 
electricity, and improved the perform- 
ance of our navy and large merchant 
ships. Too much credit cannot be 
given to the executives who had the 
vision and persistence to follow that 
development from its nebulous concep- 
tion to its adult growth of today, even 
though it took years to offset the mil 
lions of dollars of development ex- 
penses. 

Are we training engineers today who 
can think straight and plan correctly 








and efi 
applice 
plans ; 
the be 
world 
in war 
Sixt 
in hou 
roads 
than s! 
tel of 
barrel 
burnec 
by coa 
the spi 
gasolit 
petrole 
should 
The 
neerin 
to be § 
the es: 
of fun: 
school 
should 
genera 
Fir: 
not al 
coordi 
erly te 
the se 
specia 
tion. 
Sec 
enoug 
justify 
gineet 
perfec 
some 
Thi 
cours 
be th 
before 
too ir 
make 
handi 
Th 








eT spec 

some- 
ches of 
ch they 


- of the 
nges in 
of the 
pes if 
roduct 
irplane 
‘ion of 
auto- 
‘oleum 
in pe 
e cost 
fuel, 
affect 
e, the 
engi- 
tions, 
rbine, 
. time 
namic 
es if 
', CON- 
and 
ad a 
sign, 
; NOW 
ep in 


any 
pring 
se of 
orm- 
hant 
t be 


cep- 
even 
mil- 

ex- 


who 
-ctly 











THE FUTURE IN ENGINEERING EDUCATION 


and efficiently on the development and 
application of the gas turbine, the best 
plans for processing the right fuels and 
the best methods for their use in a 
world that is already geared to power 
in war and in peace? 

Sixty per cent of our coal is burned 
in houses, smaller industries and rail- 
roads at a decidedly lower efficiency 
than should be obtained. For each bar- 
tel of gasoline from our refineries a 
barrel of fuel oil goes to furnaces to be 
burned for heat that could be supplied 
by coal, and some unthinking editors or 
the specialized engineers are calling for 
gasoline from coal before the available 
petroleum is as effectively used as it 
should be. 

There is a great need for an engi- 
neering education which will train men 
to be general engineers acquainted with 
the essence of all of the seven branches 
of fundamental engineering. Not every 
school now giving engineering courses 
should introduce additional courses in 
general engineering for several reasons: 

First and most important, they do 
not all have a sufficiently qualified and 
coordinated faculty personnel to prop- 
etly teach the correct essence of each of 
the seven branches without too much 
specialization or too much generaliza- 
tion. 

Second: There will not* be a large 
enough enroliment in the beginning to 
justify many schools giving general en- 
gineering courses until they have been 
perfected and sold—which will take 
some time. 

Third: The problems for planning 
courses in general engineering should 
be thoroughly discussed and planned 
before the actual start is made. It is 


too important and too much needed to 
make a quick false start and thereby 
handicap the plan for its ultimate good. 

There is at best a twenty to thirty 
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year time lag between the planning of 
a course of study and the ripened prod- 
uct in the form of the trained and ex- 
perienced graduate ready for leadership 
and executive positions. We should 
start now to properly educate and train 
men needed at the helm in 1965. 

General Engineering.—The author is 
presenting this plan for general engi- 
neering courses for consideration and 
discussion with only some _ general 
thoughts as to the curricula. It is be- 
lieved that it might well incorporate 
some of the following features : 

1. To be a four-year course. 

2. Lead to bachelor degrees in any 
one of the seven principal branches of 
engineering. 

3. The first three years might be 
identical for all seven branches. The 
first year not very different and per- 
haps identical with the regular engi- 
neering courses now given in each of 
these branches, but including revisions 
which aré now in the making by the 
Society for the Promotion of Engineer- 
ing Education and by the schools, 
themselves. 

4. The second and third years would 
depart from present specialized courses. 
They would give every student a 
thorough cross-section of the essence 
of each of the seven branches of funda- 
mental engineering; their relation to 
each other, their collective place in in- 
dustry and society with respect to eco- 
nomics, orderly technological advance- 
ment and the betterment of mankind. 
To do this, these courses should in- 
clude what is needed in the way of 
business, law, social relations and 
broad perspective which are essential 
requirements of the leaders of the fu- 
ture. 

5. The fourth year, each student 
would specialize in one of the seven 
branches for his major and degree, 
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which he had chosen as his nominal 
profession. 

6. The graduate would naturally se- 
lect an employer where problems exist 
beyond the scope of one particular 
branch of engineering, which would in- 
clude many of the larger companies and 
a surprisingly large percentage of 
smaller companies, a number of which 
do not now regularly employ graduate 
engineers. In any case, the employer 
should recognize his opportunity in ob- 
taining the services of a man with such 
broad training and give him corre- 
sponding opportunities for growth and 
advancement. 

The author is aware that some 
schools already have courses in general 
engineering, administrative engineering, 
business engineering, but none with 
which he is acquainted come anywhere 
near giving the background now being 
recommended. 

Specialized Engineering Courses.— 
The great majority of the engineering 
courses given today are rather highly 
specialized in an effort to make a 
finished engineer in a particular line 
with the apparent idea that he can start 
to work and produce results almost im- 
mediately. 

The larger company employers have 
training courses which the graduate 
normally spends one to two years in 
taking to become ‘acquainted with the 
company’s product, and during which 
he and his employer may decide upon 
the branch of work for which he is best 
suited. In smaller companies or in 
miscellaneous jobs, the graduate nearly 
always has a period of acclimation and 
learning of developments of later vin- 
tage than can possibly be taught at 
school. 

If any general suggestions are in or- 
der for the consideration of schools 
about to reconsider their curricula, they 
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opinion 


might, in the author’s 
summed up as follows: 

1. Teach less detailed applica 
such as machine design and enging 
ing products as now existent. ; 

2. Teach more of the fundament 
such as English, mathematics, phy 
and especially chemistry. 

3. For many courses, fuels, co 
tion, metallurgy and flow of fluidsg 
needed beyond that being taught. = 

4. Shop work is still helpful in g 
branches of engineering; while ey 
neering laboratory testing is needed@ 
others. 

5. Economics and human relatig 
are often needed beyond that now bell 
taught. 
6. Salesmanship is sadly lacking 
most engineering courses. " 

Salesmanship —Everyone has sof 
thing to sell. The graduate must # 
himself, and keep himself sold, to @f 
or more persons if he is to hold) 
position and advance. Many industmig 
are sending a larger percentage of th 
organization staff, from shop foremen 
to top executives, to schools in sales 
manship, not to sell the companys 
product alone but to sell themselves 
the men who work for them as well@ 
to those for whom and with whom they 
work. Many an engineer has said @ 
the author,» “Why don’t our sd 
teach us salesmanship?” What 
salesmanship but an understanding 
man approach, plus a thorough 
neering knowledge of the subject? 

Specialization —There is a questi 
in the minds of many as to whether} 
not it is right to continue the preseml 
trend of adding new courses to meet 
the apparent need from industry 
the students to specialize in new 
tivities within the field of engineert 

It is believed that a study of the 
gineering societies in the United States 
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S orthwhile as a part of this discus- 
ion. The organization and continua- 
n of these societies in a free demo- 
atic country is irrefutable evidence of 
need for education or supplemental 
ation in the different main branches 
engineering as well as in the special 
nches, or sub-divisions, which still 
00 tinue to be formed as new develop- 
ments in engineering take place. 
The organization of a new society 
ir the purpose of specializing in a 
fanch of engineering is evidence of 
w activity in that branch, which is 
@ being satisfied, or at least its 
nders think it cannot be adequately 
tisfied by any existing society. New 
ieties are still being formed even 
Sigh the older and larger engineer- 
f societies have made considerable 
rt by adding new professional di- 
ons, within their present organiza- 
iis, to satisfy any reasonable need. 
Thart 2 is a fairly complete list of so- 
fies which are organized for the gen- 
al betterment and education of their 
pective professions or some branch 
fa profession. They are arranged 
ically in chronological sequence, 
ing the date of organization and the 
foximate membership as of 1943. 
t first vertical column gives socie- 
§ devoted to scientific, educational 
| miscellaneous activities, all related 
engineering education. The others 
arranged horizontally in accordance 
| the flow sheet arrangement on 
zi 
e of the sub-branch societies are 
m classified as industry institutes, 
froups closely allied with the busi- 
$ or commercial aspects of an in- 
However, many of those so 
idered also have technical papers 
Mdiscussions of a highly educational 


fr, so that one specializing in these 
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lines is greatly helped by such papers 
and discussions. 

Today we refer to the “Four 
Founder Engineering Societies” in- 
cluding Civil, Mining, Mechanical and 
Electrical. Those and three other im- 
portant societies follow : 








Founded 





Amer. Society Civil Engineers 
Amer. Institute of Mining and Met- 
allurgical Engineers (Originally 
Mining only — Metallurgical 
added) 


Amer. Inst. Elect. Engineers 
Amer. Ceramic Society 
Amer. Inst. Chem. Engineers 











The American Chemical Society has 
preferred to be classified more as a 
scientific than an engineering society, 
although it includes in its membership 
many chemists who have been out- 
standing in developing chemical engi- 
neering and instigating such curricula 
in many engineering schools shortly be- 
fore the founding of the American In- 
stitute of Chemical Engineers in 1908. 
Chemistry is universally recognized to- 
day as an important factor and one of 
our most important branches of engi- 
neering. 

Courses in ceramic engineering were 
initiated at Ohio State University in 
1894 by Edward Orton, Jr. This was 
the first collegiate grade ceramic course 
in the world. There are now about 
twenty schools with courses in ceram- 
ics. The American Ceramic Society 
was incorporated in 1899 and now has 
eight divisions. 

By 1919 the profession of metallurgi- 
cal engineering had been sufficiently 
established to find a place as a society, 
but instead of starting an independent 
society it joined with the mining engi- 
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neers as the American Institute of Min- 
ing and Metallurgical Engineers. 

The more or less automatic growth 
or natural growth of the engineering 


profession into seven branches seems 


to have satisfied the requirements for 
the past forty years. 

The Founder Societies have also 
added many professional divisions to 
their organization chart to take care of 
the diverse and specialized interests to 
a considerable degree, or else there 
would likely have been other societies 
organized to cover the sub-branches in 
the modern engineering field. 

Is it not evident that specialized en- 
gineering courses must be taught in a 
certain number of our schools to meet 
these demands as the first step in our 
engineering education? All schools 
should not teach all branches of engi- 
neering. Perhaps some are already 
being taught in too many schools. No 
course should be taught unless it has a 
competent teacher. Experience has 
shown cases of a teacher well-versed in 
a field of engineering starting a course 
in his specialty. If he has no worthy 
successor, the course should be dropped 
rather than let it sink into mediocrity. 

Technicians ——Many technical or 
trade schools are doing a good job in 
training men as technicians, and when 
so trained and properly located they 
are usually satisfied with their work 
and place in industry. Many have the 
ability to advance to similar rank with 
the engineering graduate. When the 
engineering graduate does not advance 
beyond the rank of technician, there is 
something wrong. Perhaps such a man 
should not have gone to college; per- 
haps the college training was not ade- 
quate, perhaps the employer is at fault, 
or sometimes the man, himself, has 
changed or slumped. At any rate, 


there seems to be so much of this that 
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the schools should consider it carefully 
as having the first and perhaps the 
greatest responsibility. 

Ability and Personality of Teachers, 
—There is no question but that the 
strength or weakness of a course or de- 
partment with identical curricula will 
depend upon the ability and personality 
of the teachers, individually and collec- 
tively. Courses are often flexed to 
meet the strength or whims, as the case 
may be, of a faculty member. 

The visitation to many schools over 
many years for the employment of 
graduates taught the author that there 
was often a time lag between the repu- 
tation of a school or department and its 
true value. The passing of personnel 
and the succession of others often 
makes a real change for better or worse. 
The student product changes promptly, 
while the general public, industry and 
alumni may often retain the impression 
of the past. One cannot teach well that 
which one does not know. 

Perhaps the recognized need for the 
teaching of such subjects as human re- 
lations can be taught without textbooks 
or any special course if there are 
enough individuals in each faculty who 
can pass on to the student personality 
a right state of mind, inspirational 
leadership, and the ability to under 
stand people. 

The author is a bit skeptical as to 
whether any individual course of study 
can be added to our engineering cuf- 
ricula that will make up for the rather 
prevalent lack in the teachings that 
used to be obtained from the home, the 
Sunday School and the Church. This 
subject deserves all and more attention 
than it has yet received. 

Graduate School and Research= 
Some may think that graduate courses 
will meet the requirements which afe 
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fully Hiiscussion as fundamental engineering. 
the Phere are really two very different 

wbjects involved—the general engi- 
hers. qwering courses are needed for defi- 
: the Jutely broadening the scope of edu- 
rde- Gation, while graduate courses are 
will }uually .specializing. The latter carry 
tality fistudent on to some specific or spe- 











talized branch, which can often be 
iter done in industry. It is the au- 
tor’s opinion that many schools might 


ollec- 


wrk in industry the equivalent to an 
advanced degree as a requirement for 
aching. 

There seems to be an impression 
any school or graduate department 
y hang out a shingle with “Re- 


nd its # 


often h” on it and expect results. It re- 
yorse. @uires more than the wish to do effec- 
aptly, give research work, and a great deal of 
y and #ime and money is being wasted in this 
assion @uy. There are many qualified schools 
1 that @hing effective work in this direction, 
it should be recognized that all are 
yr the Gut equally competent. 
yn te- § There are many kinds of research on 


books @age projects that can be done best in 

¢ are @iustry, and these should be able to 

y who @ilain a greater number of graduates 

nality @ut are inventive and research-minded 

tional #an appear to be available. There is 

yndet- @iisagreement as to whether an in- 
itor is born or trained. The author 

as to @mks they can be trained or at least 

study @ent talent can be improved, but ap- 

y ciit- Gently very few can teach this sub- 

rather @t effectively. 

s that # : 

ie, the ResuME 

This $1. There is some belief in the edu- 

ention #ional profession that a change is 
tied in the curricula of engineering 

rch.— Hieation.. 

ourses 82. Some recommend the teaching of 


fundamental sciences more thor- 


of this ehly. 
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3. Some reeommend the teaching of 
more specialized engineering. The 
trend has been toward a greater num- 
ber of specialized courses, some of 
which have not always maintained the 
highest standard of engineering. 

4. There is a recognized need for 
more human relations. 

5. Engineering of some kind should 
be taught to a larger percentage of our 
population than is now the case. Bet- 
ter definitions are needed to distin- 
guish between engineers and_tech- 
nicians or men of skills. 

6. It is obviously impossible to go 
in two directions at once, therefore, the 
time may have come for a fork in the 
road with well-planned courses in each 
branch that will fulfill both Nos. 2 and 
3 respectively. 

7. The author recommends that seri- 
ous consideration be given to the 
teaching of the seven general engineer- 
ing courses, viz., mining, metallurgy, 
ceramics, civil, chemical, mechanical 
and electrical, as a codrdinated group 
with the first three years identical, 
dealing particularly with mathematics, 
drawing, English, physics, chemistry, 
economics, business, salesmanship, and 
a broad related picture extending from 
geology, minerals, fuels, smelting, ce- 
ramics, strength of materials, struc- 
tures, thermodynamics, power and elec- 
tric generation. 

There should be a course in research 
and invention. Trained professional 
engineers should have vision as to 
planning, and if possible a better ap- 
preciation of research and invention 
even if they themselves cannot be 
actually trained to be inventors, al- 
though they might at least become more 
efficient inventors if they have any 
talent along this line. During the 
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fourth year, the student should concen- 
trate on the specific course of his 
choice, leading to a bachelor’s degree. 

8. Engineering courses, being taught 
in our schools, should be continued 
with some modification and improve- 
ment. These courses would be more 
specialized than those given under gen- 
eral engineering in No. 7. 

Trustees’ Duties.—Regardless of 
whether changes or transitions in the 
courses of study take place quickly, or 
gradually, as they have in the past, it is 
believed that more responsibility will 
and should fall upon the trustees, presi- 
dents and faculties of our universities 
and colleges than has sometimes been 
appreciated heretofore. 

The selection of the faculty is all- 
important and to keep a well-balanced 
school there must be intelligent and un- 
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It is the stu 
dent that is important and not the per. 
sonal wishes of the individuals who 
comprise the faculty. 

The proper judgments in advance 


prejudiced cooperation. 


ment, retirement and succession are 
most difficult but all-important prob 
lems in the schools as well as in in 
dustry. Personnel specialists are com 
ing more to the front as essential fac 
tors in this problem. 

When an organization of any charac 
ter is functioning satisfactorily and efi 





Cor 


The 
E. Dc 
meetir 
fecord 





ciently, all should share the credit 
When an organization is inefficient and 
working at cross purposes, the trouble 
is at the top. That means in the case 
of an institution of learning that the te 
sponsibility for success or lack of it 
lies with the trustees or their selected 
deputies. 
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Comments on the Future of Engineering Education 


By ALLEN H. BLAISDELL 


Associate Professor of Mechanical Engineering, Carnegie Institute of Technology 


The Presidential address of Robert 
E. Doherty at the fifty-second annual 
meeting of the S.P.E.E.* in June 1944 
tecords a definite transition period in 
mgineering education in the United 
States. For more than two decades the 
wnfused and rapidly changing pano- 
tama of the nation’s industrial life, as 
well as the growing crisis in general 
overall social relationships, has made 
wident to thoughtful citizens the acute 
need for fundamental, energetic and 
far-reaching actions if the nation’s well- 
king is to be improved and main- 
tained. Since our educational system 
is one of our most important instru- 
ments of social indoctrination and con- 
tol, it is here that most active steps 
lave been taken to anticipate and pre- 
fare for a future of threatening as- 
pects. Social relations programs have 
been incorporated into the curricula of 
wir high schools and efforts made to 
stablish a training which would en- 
able the large majority of graduates, 
who do not continue on into college, to 
ft more effectively into the social fab- 
ti. It is this same purpose that is now 
tergizing our professional groups, and 
has culminated in the investigations and 
«tions of the S.P.E.E. 

College and university administra- 
ions have eyed the curricular revisions 
tour secondary and high schoo! with 
ome misgivings, and not a little hos- 





*See Volume 35, No. 1, September, 1944: 
Journat oF ENGINEERING EDUCATION. 


tility, but academic conservatism is be- 
ginning to weaken and shows signs of 
cracking when confronted with dynamic 
national needs. In this respect engi- 
neering educational institutions have 
been as steadfast in clinging to estab- 
lished practices as any of the centers of 
liberal learning. But the very nature 
of the engineers’ activities is such as to 
make him more sensitive to the grow- 
ing complexities of our industrial life 
than perhaps any other of our profes- 
sional groups. For this reason we can 
expect engineering schools to be among 
the first to make basic and vital changes 
in their educational programs. 

A careful study of the S.P.E.E. re- 
ports * for 1940 and 1944 in conjunc- 
tion with the summarizing statements 
contained in Dr. Doherty’s address im- 
presses the reader with the feeling that 
the educational question for engineers, 
at least, is being answered in a thor- 
oughly . pragmatic, logical and prob- 
ably more realistic spirit than is gen- 
erally recognized at the moment. Of 
course the preliminary ‘steps only have 
been taken and the much more difficult 
one of putting the proposed revisions 
into operation remains for the most 
part to be carried out. Certainly any 
notion that long-established educational 
habits or procedures can be abruptly 
changed for the better in a brief period 
of years must go by the board. 


* 1940 Report on Aims and Scope of Engi- 
neering Curricula. 1944 Report on Engi- 


neering Education After the War. 
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From an educational viewpoint it is 
essential that the engineer shall have a 
more precise and correct idea of what 
constitutes his rightful field of profes- 
sional activities. This need has been 
sensed by Dr. Doherty, who proposes 
an unostentatious, conservative and 
precise defining statement of what con- 
stitutes the engineering profession. 
The widespread lack of understanding 
among engineering groups, and others 
as well, as to the rightful domain of the 
engineers’ professional activities has 
for a long time been something of a 
joke. Consequently any rational pro- 
gram for renovating our engineering 
curricula must first rest on the general 
willingness on the part of the engineer- 
ing profession to accept a more sober 
and restrained notion as to relative im- 
portance of the profession in the na- 
tion’s industrial life. 

The suggested division of the engi- 
neering curricula into parallel se- 
quences of scientific-technological and 
humanistic-social subjects, with about 
eighty per cent of the students’ scho- 
lastic load apportioned to the former, 
and twenty per cent to the latter, co- 
incides with the corresponding time 
distribution under established programs 
where twenty per cent of the student 
time is given over to elective subjects 
in economics, history, literature, etc. 
But it is to be noted that under the 
new dispensation isolated subjects with- 
out any apparent connection are dis- 
carded. The primary thought behind 
the entire proposal is to establish a 
much better integrated and broader 
curriculum than is now the case in our 
engineering colleges. The difficulties 
involved need not be minimized but 
they can and must be eliminated. 

The committee reports of. the 
S.P.E.E. have set up specific objec- 
tives for the two curricular divisions 
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just referred to, and their successful 
attainment by any educational institu. 
tion will be intimately related to the 
solutions of accompanying problems 
dealing with the selection of faculty 
personnel, selection of entering stu- 
dents,.departmental organization, inter- 
departmental relationships, and finally 
educational methods. Any one of these 
merits consideration, but lack of ex- 
perience and time forces the writer to 
direct his rather random remarks to- 
ward the more specifically pedagogical 
aspects of the current educational prae- 
tices as affected by the new program. 
The established curriculum for en- 
gineering students is constructed 
around separate and none too well in- 
tegrated courses in the basic sciences 
of mathematics, physics, chemistry and 
mechanics, followed by more or less 
specialized courses in engineering de 
partments which function as inde 
pendent units. As a kind of side issue, 
and sop to the liberally-minded citizen, 
service departments are assigned a 
modicum of time to instill into a re 
luctant student mind some apprecia- 
tion of literature, language, philosophy. 
psychology, etc. This type of organr 
zation has been in existence for af 
least five decades, and its general lim 
itations are rather well recognized. 
Instructional methods congenial 
the handling of large classes have per 
petuated the lecture-recitation system 
into the dynamic environment of ouf 
modern culture. Textbooks used if 
the specifically engineering courses 
have gradually assumed a more and 
more elementary character which # 
hardly conducive to genuine mental 
development. One suspects that the 
generally accepted promotion policy 
which encourages young and inexpefr 
enced instructors to get into print has 
contributed not a little to the medioe 
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ity of much of the text material which 
is copiously advertized by book pub- 
jshers. 

The emphasis placed on the “engi- 
wering method” by the committee re- 
ports is, historically speaking, only one 
da long series of pointed criticisms di- 
rected at the general ineffectiveness of 
the specialized engineering courses 
gven during the last two years of the 
gandard engineering curriculum. The 
‘mgineering method” as described is 
essence the scientific method applied 
the solution of engineering problems. 
In engineering practice this method is 
fe normal approach to any problems 
mvolving diverse elements of both a 
tehnological and economic nature. 
Necessarily to bring about a formal in- 
teduction of any such procedure into 
fhe engineering educational framework 
mquires considerable revision, co- 
dination, and possibly the combining 
# established specialized courses into 
afew better integrated studies. 

The “engineering method,” in a 
imm modified by local circumstances, 
las long been an acceptable procedure 
nthe operation of senior engineering 
gn courses. Under the inspiration 
itteachers well versed in the art and 
imience of engineering practice such 
murses take on the color of project 
moblems to which the students (we 
pect that in some cases these will be 
select few, the hoi-poloi being 
legated to problems of a rigidly pre- 
Mtibed pattern) give intensified ef- 
ort under the tactful guidance of the 
tructor. In a very considerable 
fasure such courses have been the 
ones which have afforded students 
feal opportunity for reviewing and 
legrating scientific principles and of 
ing the analytical sciences to prob- 
is of an engineering type. The suc- 
1 operation of a well-balanced de- 
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sign course means that the student will 
be trained to a proper “method of at- 
tack,” concurrently with a much-needed 
review of fundamentals. : 

Revision of the engineering cur- 
ricula to conform to the requirements of 
the new scientific-technological stem 
should largely result in the eventual 
weakening of the formal lecture-recita- 
tion system, and its replacement where 
feasible by conference-discussion 
groups, particularly in the upper two 
years. Departmental exclusiveness, so 
typical of standard curricula, must 
yield to a greater degree of codrdina- 
tion and correlation of course contents. 
For example, it is reasonable to sup- 
pose that course relations between the 
mathematics, physics, and mechanics 
can be much more intimate than is the 
case at present. Any suggestion that 
introductory courses in physics and 
chemistry might well be handled by a 
single department of analytical sciences 
will probably meet with derision, but 
from the standpoint of fundamental 
concepts and procedures there seems to 
be no valid excuse for the sharp de- 
marcation exhibited by the separate 
sciences of physics and chemistry. It 
is another example of educational prac- 
tice which has outlived its period of 
maximum usefulness. 

The lecture-recitation method of 
teaching mathematics and mechanics 
has proved fairly satisfactory provid- 
ing classes were not too large and, in 
the case of mathematics, will probably 
continue as the favorite method of in- 
struction. The same cannot be said 
with respect to mechanics. The ex- 
tensive literature on applied mechanics 
which has developed within the last two 
decades is an indication of the growing 
importance of this subject. Conse- 
quently a general revision of the engi- 
neering educational program must be 
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such as to make it possible for students 
to secure an even firmer and more com- 
prehensive grasp of the fundamental 
principles of this subject. The experi- 
ence of the German technical schools 
has shown that this can only be accom- 
plished by the use of laboratories prop- 
erly equipped and operated wherein the 
student can go from the lecture period 
to find out for himself the significance 
of such principles as the conservation 
of momentum and of energy, or that of 
least work. In the past we have copied 
from the Germans much of our educa- 
tional system for engineers, but for 
some reason failed to realize the value 
of their applied mechanics laboratories 
as instruments of learning. As an af- 
terthought, why shouldn’t mechanics 
instruction be grouped with mathe- 
matics and physics in the single de- 
partment of analytical sciences ? 
Turning now to the specialized engi- 


neering subjects which come in the 
third and fourth years of the engineer- 
ing course, the problem of revamping 
and eliminating courses presents seri- 
ous difficulties, particularly in the case 
of mechanical engineering and, to some 


extent, aviation. Regardless of the 
publicized statements of many of our 
more outstanding and enlightened in- 
dustrial executives, personnel repre- 
sentatives from industry are anxious to 
secure engineering graduates of the 
type such as one would expect to be 
provided by technical institutes. Un- 
der the S.P.E.E. program, graduates of 
engineering courses will not possess 
the vocational aptitudes or knowledge 
which characterizes graduates of tech- 
nical institutes. Present machine de- 
sign courses which are too closely 
wedded to the empirical approach of 
contemporary industrial practice must 
be reoriented to emphasize the scien- 
tific aspects of the subject. Machine 
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design textbooks now in use are an§phos¢ 
abomination in the sight of all good emfihe es 


thermodynamics are under suspicion 
Experienced instructors realize that 
very few students seem able to secute 
even a limited understanding of thefn 
first and second laws of thermody 
namics. The caliber of prevailing 
courses in the subject is well exemple 
fied by the very elementary texts which 
seem to be in wide use. The writer 
knows of but a single text on the mar 
ket today which he believes is suited t 
an honest-to-goodness course in theo 
retical engineering thermodynamics, 
and to date the volume in question 
just so much window dressing for the 
publishers. Under existing conditions 
of student preparation and the meth 
ods of instruction used it is not feasible 
to approach the subject of thermody 
namics in a really logical and funda 
mental manner. 

There are good reasons for believing 
that closer relationship between the 
physics, chemistry, and mechanical et 
gineering departments will be of bene-§... 
fit to courses in thermodynamics. Suchi 


relations have been of the slightest @ a 


the past, and it is not easy to malty. 
them more intimate. The physics it} 
structor is trained to be a researcherg” 
in the field of the pure sciences, af 
therefore possesses a different outlook 

on the subject of thermodynamics thang? 
the engineering teacher who is Cor 
cerned with practical applications whit 
have been unduly wedded to rules 
thumb notions, and surprisingly lackey 
ing in analytical treatment. Therme 
dynamics, like mechanics, is a subjét 
which is best handled with small le 
ture-discussion groups of student 
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are anfwhose activities can be energized by 

ood em fihe establishment of demonstration and 

rine defexperimental laboratories in the funda- 

here thefmentals of thermodynamics. Such a 

d. hboratory should not be confused 

applied§with the standard type where code tests 

ispicion, fan be made on various forms of power 

ze thatiquipment. The thermodynamics lab- 

> securefuratory should be equipped with a va- 

of thefnety of simple, ingeniously designed, 

srmody-§aid well-constructed models of appa- 

evailing§atus which can be used by the stu- 

xemplt Hent as a quick and efficient means of 

‘s which faring aside the veil of obscurity which 

> writetflas for years shrouded the concepts of 
he mat-§atropy and availability. 

Other phases of the mechanical en- 

geering course are equally in need 

Sid radical revision if attainment of the 

ihjectives of the S.P.E.E. reports are 

i) be expected, but for lack of space 

@mnot be discussed at this time. It is 

masonable to suppose that curriculum 

tlanges are also desirable in the elec- 

ical, civil, and other engineering de- 

fartments, but any remarks concerning 

ese must be left in the hands of those 

wecifically concerned with these areas 
tengineering education. 

We have now come to the human- 

Mic-social studies which will be com- 

mn for all the engineering groups and 

ied on throughout the entire dur- 

ion of the academic years. It is this 

ion of the new engineering cur- 

itila which presents in some respects 

Most interesting and yet problemati- 

al aspect of the new venture. Steps 

ich have already been taken by 

e institutions to establish human- 

fic-social studies are an interesting 

position of the powerful and far- 

ing influence of business and in- 

try on the solution of our educa- 

problems. Are we correct in 

ecting that this influence is not al- 
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ways as sensitive to human values as 
we would like? 

The first educational institution to 
establish a full-fledged humanistic-so- 
cial division is the Carnegie Institute 
of Technology. This program has been 
discussed by Glen U. Cleeton,* Direc- 
tor of the Division of Humanistic and 
Social Studies. It is a well-developed 
sequence of subjects and closely paral- 
lels the suggested objectives of the 
S.P.E.E. Three classroom hours per 
week throughout the first semester of 
the freshman college year are utilized. 
to provide the students with a histori- 
cal background stressing the evolution 
of the present machine age. An equal 
amount of time is given to a survey of 
language, the arts, methods of think- 
ing, etc., viewed as intellectual tools. 
The sophomore year is given over to 
problems of population and natural re- 
sources. Text material for both years 
has been carefully selected from the 
most authoritative of current publica- 
tions and incorporated into textbook 
form for student use. During the 
junior and senior years the program is 
given a measure of flexibility by pro- 
viding for electives. Social control, so- 
cial economy, social ideas and attitudes, 
social aspects of the creative arts, 
seminars and projects represent the 
main avenues of study for these upper 
years. The successful operation of 
such a program really demands a spe- 
cially trained faculty, but such is not 
available anywhere at this time. Lack- 
ing this kind of instructional help, it 
perforce becomes necessary to utilize 
staff members trained in the special 
fields of history, literature, languages, 
economics, philosophy, psychology, and 
engineering. No one can ask for a 


*See October 1944, JournaL oF Enart- 
NEERING EDUCATION. 
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more varied cultural background than 
this for launching a new venture in the 
study and teaching of human relations. 
But such diversity of training means 
anything but unity of viewpoint when 
dealing with the mass of human ideas 
which compose the framework and 
structural matter of the entire social 
relations program. 

Engineers, economists, and probably 
psychologists are by training and ex- 
perience more oriented toward a prac- 
tical, utilitarian outlook on life, while 
the teachers of languages, literature, 
history and philosophy are equally in- 
clined to interpret events from a more 
idealistic viewpoint. The contrasts of 
presentation can be sufficiently sharp 
to attract the students’ attention, and 
create an uncertainty and confusion in 
the latters’ minds very difficult to erase. 
A decided brake on the progress of the 
program can be the lack of time avail- 
able to the student for thinking 
through the many interesting but con- 
flicting statements and theories which 
are the very essence of this domain of 
study. The lecture method of instruc- 
tion associated with the use of suitably 
prepared texts is likely to be the only 
practicable way of handling the instruc- 
tional work, although every one knows 
that really effective results can only 
be secured by group discussion and a 
great deal of library search for ‘in- 
formation. This latter method is of 
course particularly desirable for the 
final years of the social relations study. 

The objectives of the proposed S.P. 
E.E. humanistic-social division set a 
high standard of accomplishment. 
These objectives are of sufficient im- 
portance to stand repetition : 


“1. Understanding of the evolution 
of the social organization within 
which we live and of the influ- 





ence of science and engineering§a fea 
on its development. 

. Ability to recognize and to makefiave 
a critical analysis of a problem in-§engi 
volving social and economic ee 
ments, to arrive at an intelligent 
opinion about it, and to read with 
discrimination and purpose to 
ward these ends. 

. Ability to organize thoughts loge 
cally and to express them lucidly 
and convincingly in oral and writ fi 
ten English. 

. Acquaintance with some of the 
great masterpieces of literature 
and understanding of their setting 
in and influence on civilization. 

. Development of moral, ethical, 
and social concepts essential toa 
satisfying personal philosophy, te 
a career consistent with public 
welfare, and to a sound profes 
sional attitude. 

. Attainment of an- interest and 
pleasure in these pursuits and 
thus of an inspiration to com 
tinued study.” 


A comparison of the Carnegie It 
stitute of Technology social relations 
program with the S.P.E.E. objectives 
listed for such a program can only lead 
one to the belief that such a program 
will probably not achieve the desired 
goal for some time to come. Obje 
tive (1) of the S.P.E.E. list seems 
within reach, but numbers (2) and 
(3), which are closely related and of 
very great importance, will be & 
tremely difficult. In the limited tim 
at his disposal a student cannot poss 
bly do the amount of studying, plit 
compositional effort, which is neces 
sary for the development of ability ® 
read and write with intelligence and 
discrimination, unless this objective # 
considered sufficiently important to 
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ineering afeature of all his courses. No small 


blem in- 
mic ele. 
telligent 
2ad with 


portion of the S.P.E.E. publications 
to makeglave been devoted to wailings about the 


mgineering students’ marked inability 
fo write good English. There is no 
good reason to suppose any better re- 
suits will be obtained in the future, 
mder any educational program, unless 
this problem of oral and written Eng- 
ish is placed directly on the shoulders 
devery single faculty member as an 
important part of his instructional 
duties. Objectives (4) and (6) should 
eachieved without much trouble, but 
thjective (5), like (2) and (3), can- 
wot be acquired without a great deal of 
yel-guided and energetic thinking on 
the part of the student. 

Problems involving human relation- 
ships are much more complicated than 
mything the engineer will ever con- 
tnd with in the applied sciences, and 
yet there has been so far a pretty com- 
plete failure to impress this on the stu- 
tents’ minds. The seriousness of the 
ituation in part carries back into the 
fome and public school environments. 
ln spite of careful selection of entering 
tudents, student thought is still satu- 
tited with the “Romanticism” which 
fivelops and circulates through our 


tional educational system. The trag- 


2iIiI 


edy of the matter is that boys with 
mental endowments of a high order 
only yield to the educational process 
under severe pressure. Over-emphasis 
of the importance of personality at- 
tributes, associated with the belief that 
“mental power” is the mark of a “high- 
brow,” is a marked characteristic of 
our American mentality. The bad 
mental habits of a student’s life-time 
must be broken before he can be 
brought to the point of accepting men- 
tal struggle as the natural and only 
road toward worth-while achievement. 

As a closure to my rather haphazard 
remarks, I should again like to call 
attention to item (5) of the S.P.E.E. 
objectives. . Today as never before our 
people are badly muddled when deal- 
ing with the questions of standards of 
morality, ethics, religion, and as a con- 
sequence of education. Fashion and 
propaganda becloud the mind and the 
average person unconsciously assumes 
the status of uncritical acceptance of 
whatever seems the prevailing trend of 
public opinion. If I am correct in this 
view, then it would certainly seem ad- 
visable to stress throughout the social- 
relations program all matters which are 
of a moral or ethical character. 
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By E. P. HAMILTON 
President, John Wiley & Sons, Inc. 


I appreciate very much the honor 
you have accorded me in asking me to 
speak before the English Division of 
the S.P.E.E. I welcome the assign- 
ment because, as a former practicing 
engineer, I can appreciate the value of 
the kind of writing instruction you now 
give your students; and because, as a 
publisher of technical and scientific 
books, I am convinced that the more 
thorough your teaching, the better will 
be the reports, the journal articles, and 
the books which the engineers of the 
future will write. Over the years I 
have had the good fortune to know 
hundreds of authors who in unguarded 
moments have told me a great deal 
about themselves and their writing 
problems. Out of all this I have 
formed certain opinions about authors, 
books, and writing which teachers of 
English will perhaps find interesting, 
if not particularly new or instructive. 

I have chosen a subtitle for this 
paper which includes a discussion of 
the ideal technical book. I do this de- 
liberately ; I know I am on safe ground 
for the simple reason that the ideal 
technical book has not yet been pub- 
lished, and certainly the ideal technical 
book has not yet been written. Ac- 


* Delivered at the 52nd annual meeting, 
S.P.E.E. (English), Cincinnati, Ohio, June 
22-24, 1944. 


cording to the dictionary nearest @ 
hand, ideal is defined as “That whig 
is taken as a standard of excellence of. 
an ultimate object of attainment, modéf, 
type”—and here is the part that im 
presses me most: “that which exist 
only in imagination”—so whatever I 
have to say from this point on should 
be interpreted as coming only from the 
imagination. By that I mean that ther 
are no ideal manuscripts, no ide 
authors, no ideal publishers, for we aft 
all human folks and subject to all theg@® “S' 
frailties and limitations of our commong™*¢ ' 
mortality. og kt 
But the fact that the ideal exists ong 
in the imagination should not deter® aglish 
from attempting to realize our ideag! mv 
There are certain characteristics dgmlish 
authors and publishers which I shouligiistan 
like to bring to your attention, and 1 @gptesses, 
so with the understanding that I speadkgsandar 
here only from my own point of viel, 
which may or may not be in agreemeft 
with that of other publishers of ted 
nical books. 
For the sake of the discussion, let i 
divide technical books into textbod 
and books of reference. There is 
important reason for doing so, since 
main characteristics of a good technitil 
book should hold for the reference bow 
as well as for the textbook. There 
those who believe that a good textbooim 
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sin a special category of its own, and 
kes much more skill to write than 
gs a non-textbook. Perhaps we 
ink so, too, but I can tell you that we 
ye profoundly impressed with good 
work—whether the end result be called 
ntextbook or a book of reference. 
Well—what is a good textbook, or 
ther, what is an ideal textbook which 
isto be used as the basic book for class 
struction? I could select representa- 
textbooks from the lists of tech- 
cal publishers and each one of them 
muld serve as a model or type (as the 
tionary definition has it) for the 
acteristics which distinguish them 
mm commonplace or mediocre prod- 
To say that a textbook must be well 
itten sounds like the ultimate in 
imteness. But a really well-written 
xtbook is not so common as one 
iid suppose. This is not intended 
$a disparagement of the many good 
d useful books that have been pub- 
hed in all the various fields of hu- 
man knowledge. Remember, we are 
aking of the ideal. -You teachers of 
English will know what I mean and 
lou must frequently deplore, as most 
blishers do, the vast number of books 
mstantly being turned out by the 
tsses, which under no conceivable 
ndard could be termed well written. 
A textbook, in the very nature of 
ings, is designed for students. Its 
ist requisite, therefore, should be its 
ability. The author should have 
istantly before his mind’s eye the 
tds of those for whom it is written. 
re than one author has confessed 
t he was trying not so much to teach 
to impress his colleagues. The poor 
lent was ignored, if not forgotten. 
tre is much merit to privately issued 
imeographed editions, tried out with 
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several classes of students to eliminate 
inconsistencies, faulty definitions, 
poorly thought-out problems, and 
many such weaknesses which prevent 
a textbook from becoming a valuable 
and inspiring tool of education. 

Take the matter of definitions. 
Every textbook must have them. But 
all textbooks in a given subject for the 
same course will not be equally good 
in defining terms. Some will be wordy 
and vague; others short and inade- 
quate. The good definition is exact, 
clear, and to the point, with all words 
omitted that do not contribute directly 
to the clarity of the exposition. 

Here I am reminded of the late A. 
T. Quiller-Couch’s scorn of the use of 
what he calls “jargon.” The “jar- 
goneer,” he tells us, prefers the ab- 
stract to the concrete, the general to 
the particular, and the vague to the 
definite. Most of us, I am afraid, in- 
dulge in “jargon” habitually without 


being aware of it. Authors, we know, 
have their special “jargon,” but what- 
ever the brand, it most certainly can- 
not be called essential to good writing. 

Simplicity or directness is an essen- 


tial characteristic of any technical 
book. The author of that often witty 
booklet “Suggestions to Authors,” is- 
sued by the United States Geological 
Survey, has much fun with writers on 
the subject of “stilted and showy writ- 
ing.” He mentions that even some of 
their older writers “prefer the long and 
the wrong word” and that many of the 
younger writers seem to “forget their 
naturally easy and simple ways of 
speech when they sit down to write a 
report, the change in their mode of ex- 
pression being similar to that wrought 
by love in a young man as described by ‘ 
Benedick in ‘Much Ado about Noth- 


, 
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“ “He was wont to speak plain and 
to the purpose, like an honest man 
and a soldier, but now he is turned 
orthographer ; his words are a very 
fantastical banquet, just like so many 
strange dishes.’” 


What I have said about the writing 
of good definitions applies, of course, 
to all phases of textbook writing—the 
presentation of theory, the writing of 
illustrative examples, summaries, exer- 
cises, problems, and so on. 

Good writing is an important con- 
sideration but, after all, there are other 
major characteristics of the ideal text- 
book. We like a textbook to have 
many illustrative examples. This is 


good pedagogy, and if the examples 
are selected carefully the student more 
likely will understand the theory be- 
hind them. As a corollary to this, an 
abundance of well-graded problems, 
those requiring a thorough mastery of 


the subject, should be included in the 
book. Some authors like to include 
answers to every other problem, with 
a separate sheet listing the answers to 
the remainder. Others insist that the 
student have no access to printed an- 
swers, claiming that the modern stu- 
dent has his own methods, however 
irregular, of obtaining the correct an- 
swers to textbook problems. 

Some of the best textbooks with 
which we are acquainted have a sum- 
mary of important material at the end 
of each chapter. In these days of many 
digests, these summaries-serve as a 
model for students who are unfamiliar 
with this valuable learning technique. 

I admit to an enthusiasm for ques- 
tions, as well as problems, to accom- 
pany each chapter in a textbook. They 
afford a sure test of the student’s mas- 
tery of the subject matter. The other 
day, when I was reading one of our 
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textbooks in geography, I had conving 
ing proof of the necessity for good 
questions. I read along easily and 
quickly, much impressed with thi 
author’s argument. I thought that] 
understood everything thoroughly until 
I tried to answer some of the many 
thought-provoking questions appended 
for study and discussion. Much tom 
chargin, I discovered that I had tor 
read several sections of the chapter ip 
order to answer the questions to my 
own satisfaction. This is probablya 
familiar experience, and a determining 
pedagogical reason for the inclusion of 
an adequate number of the right kind 
of questions. 

The ideal textbook possesses excel 
lence in what many consider minor 
matters, but which, added up, make for 
a good book or a mediocre one. We 
have all known instances of textbooks 
which used a nomenclature with only 
a scattering of advocates. Here, of 
course, is an opportunity to wagea 
grand -battle between the devotees of 
one school of thought and the other 
and what bitter battles they can be 
come! A safe rule, perhaps, is to ei 
ploy: the nomenclature favored by 4 
generous majority of potential users. 
All rules should be broken on oct 
sion, and battlers for a new nomende 
ture know best when their innovations 
have a reasonable chance of success. 

In scientific and technical books, 
particularly those used in classes tak 
ing up a new subject, we think a glos 
sary a highly useful teaching ait 
Much time can be saved for the student, 
who must constantly refresh his mei 
ory of new terms, if he can turn quickly 
to a well-prepared glossary. 

A discussion of the index as an i 
tegral part of a textbook or a book 
reference really should be left to# 
librarian, who can list, in chapter 
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yerse, all the sins of the careless maker 
of indexes. No one has to argue in 
favor of an index, but every publisher 
is forever in search of an index which 
tovers adequately the subject matter of 
the book. That may mean an index of 
afew pages or as many as sixty-four 
pages. We have watched college pro- 
fessors thumbing through the pages of 
anew book, and inevitably after a 
moment or two they will turn to the 
index to look up a favorite topic. The 
hook may have material on that topic, 
but if it is not listed in the index, you 
tan imagine easily what those teachers 
will think of the book from this first 
casual examination. But one warning 


isin order, I think. An index is not 
adictionary of words; it is a detailed 
guide to the contents of the book. 
You will note that I am not adhering 
toa logical order of topics in this talk. 
I take refuge in the subtitle which 
ays, “Some Random Thoughts on 


Ideal Technical Books and Their 
Authors.” That is why I can say now, 
quite properly, a few words about the 
preface to a book. Perhaps this is the 
tue order, anyway—since the preface 
likely to be written last by authors 
tho look upon it as “just one of those 
things.” I must confess that I take a 
more than ordinary interest in the 
preface. I derive considerable pleas- 
wre from one that is carefully and 
thoughtfully prepared. 

A good preface is actually an essay 
in which the author tells his prospec- 
live readers what he is trying to do, 
ad his hopes for the book. The pref- 
&e gives the author an opportunity, 
towhere else offered, to summarize his 
fhilosophy of teaching and to present 
lis over-all view of the field covered 
by the book. 

I must not dwell too much on this 
Matter in these days of paper scarcity. 
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To be truly realistic, I should tell you 
that while the paper shortage is on, 
perhaps a preface taking a page of 
type is adequate for all ordinary pur- 
poses. Seriously, for your own inter- 
est, take careful note of the prefaces to 
books. In my years as a publisher I 
can recall only a few memorable pref- 
aces. In my opinion the ideal text- 
book should have a memorable preface. 

We must not forget to add a post- 
script, if I may call it that, on the sub- 
ject of dedications. I insist (here I 
am peremptory again) that the ideal 
book, whether technical or any other 
type, should have the perfect dedica- 
tion. Some of them are epitaphs, not 
dedications. Some, may I whisper, are 
even bribes to abused wives who have 
suffered much during the gestation and. 
borning period. You know this dedi- 
cation : 


“To H. M. K. 
without whose constant devotion 
and unstinted help this book would 
never have been written.” 


We like the realism of this one—which 
never got into print: 


“To Lavinia 
My infant daughter, whose nightly 
wailing kept me sufficiently awake to 
finish a disagreeable task assigned me 
by a persuasive publisher.” 


A more sobering dedication, but a per- 
fect one of its kind, is this one which 
we ran across recently in a Wiley book: 


“To Our Parents, 
Ourselves and 
Our Children 
As we walk the war-road to Peace.” 


Most of the virtues I have mentioned 
as inherent in the ideal textbook apply 
as well to the reference book. There 
is little justification for making any 
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distinction between the two types of 
book, but for purposes of classification 
I suppose it is necessary. All books of 
information are used for instruction 
purposes, but the so-called reference 
book omits many of the teaching aids 
which we look for in a textbook—exer- 
cises, problems, summaries, answers, 
and so on. 

But there is an ideal reference book, 
too. It would be pleasant to pick up 
a book in this category without finding 
in the first chapter an historical sec- 
tion going back to the days of the 
Pheenicians. The subject of the book 
may be ice cream, bridges, machine 
design, or what not, but that usually 
useless and irrelevant historical ma- 
terial is there, and sometimes, unfor- 
tunately, to the extent of forty to sixty 
pages. Then there is likely to be an- 


other section summarizing fundamental 
or related material already available in 


dozens ‘of books. Even in times of 
paper abundance there is rarely an 
excuse for such detailed treatment. 

Here we can learn something from 
the English. I have been impressed in 
recent years with the skill with which 
they have handled monograph material. 
Their books in the engineering field 
particularly have been well prepared, 
containing the type of information from 
which the busy engineer can derive 
immediate profit. From our point of 
view, the only serious defect in these 
English monographs is their almost 
complete disregard of American prac- 
tice. 

It is dangerous, however, to be too 
arbitrary in our generalizations, for to- 
morrow we, or some other publisher, 
may issue a reference book which will 
have all the above faults, but which 
still may have the data which research 
men and other engineers will be glad 
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to have, even without the label “the 
ideal technical book.” 

From some of my earlier remarks 
you may have come to the conclusiog 
that, if books were prepared according 
to a formula based on the considera 
tions mentioned, success would ip 
evitably result. Alas! This is not 
true. A book can be well written, ac 
curate; it can possess in full measure 
all the known teaching aids—and it 
still will be received with apathy. We 
like to think that the deciding factor 
lies in some inner vitality of the book 
which literary folk probably call style 
In a race horse it is class; in an athlete 
form; in a human being, personality, 
Whatever it is, it is the distinguishing 
virtue in the truly successful book. 

A great deal of nonsense has been 
written about book design and format, 
To me there is nothing mysterious 
about an attractive book. If you start 
out with the fundamental notion that 
a book is designed primarily to & 
read, you can’t go too far astray @ 
design. It is also assumed that you 
use good materials, and that you em 
ploy a competent printer and binder, 
It is likewise taken for granted that the 
person responsible for design has some 
idea of how a scientist thinks and 
works. 

In a technical book we are limited 
our choice of type faces, because fé# 
fonts have the mathematical symbdb 
that are necessary to do the job. The 
first consideration is the selection d 
a clear, legible type face. Now thi 
sounds simple, until people start tél 
ing us what is clear and what is mé 
clear. Over the years, however, one o@ 
two faces have evolved that are capable 
of presenting scientific and technicd 
material so that it can be read will 
ease. 

A good designer can do wondes 
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with margins, and with the harmonious 
wrangement of headings—-side, center, 
tapter, and page. He also knows how 
fo make formulas and tabular matter 
dand out clearly and esthetically. He 
nows how to use bold face judiciously 
md effectively. He also knows how 
fo handle illustrations so that they 
mean something. He knows, for in- 
dance, that a line cut can illustrate a 
principle much more effectively than a 
jalftone, however beautiful the half- 
fone may be. 

There is an art, too, in the designing 
da beautiful but appropriate title page 
amd the lettering for the front cover or 
shelf back of the binding. 

And when the finished book is ready 
md is examined by our ideal publisher 
fand there aren’t any, of course), 
sidom is he completely satisfied with 
the results. The general verdict may 
lethat it is a beautiful volume, but that 
he knows literally dozens of places 


where improvement. could be made— 
ad so on, ad infinitum. 

So far in my talk I have hinted only 
larely that in addition to an ideal tech- 
: |tical book, there might be a phenome- 
ton which we might label the ideal 


author. I do not know whether it is 
discreet to come right out in the open 
ad dissect for general observation 
his rare creature. We are dealing al- 


Ways with faulty human beings, but it _ 


tight be fun, nevertheless, to see the 
lind of author we should like to have 
t our list if it were possible to ar- 
lange such matters. 

The ideal author should be a com- 
psite character, many men in one—a 
wrt of Admirable Crichton. He should 
lave the teaching ability of Mark Hop- 
il fkins, the engineering genius of Stein- 
WEmetz, the writing talent of William 
Hazlitt, the eloquence of Henry Ward 
Beecher, the all-around wizardry of 
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Franklin. And to top it off, he ought 
to be able, perhaps, to play golf like 
Bobby Jones at his best. What a fel- 
low he would be! 

The ideal author presents to his pub- 
lisher a clear, perfect manuscript, beau- 
tifully typed, with all headings plainly 
identified. He has been over it again 
and again, so that there is little work 
for the editors to do. There are no 
misspellings, no impossible punctua- 
tion, no grammatical mistakes. All ab- 
breviations are standard and consistent. 
Full and complete directions are noted 
for the printer. His illustrations are 
filed in order, each with the proper 
number, and with croppings and sizes 
indicated. There are, heaven help us, 
no superfluous or useless illustrations ; 
all are definitely relevant and in excel- 
lent condition for reproduction. 

Our ideal author accepts graciously 
and gratefully the voluminous in- 
structions on how he is to handle his 
part of the work as the manuscript 
goes through the various processes. 
He reads proof conscientiously and 
promptly. Never does he change his 
mind about the wording of a definition 
or the explanation of the theory un- 
derlying a new gadget. He never 
would be guilty of changing his sys- 
tem of abbreviation. In effect, he 
makes no changes except to correct 
compositor’s errors, and the rumor is 
abroad that occasionally, after much 
searching, a few of these may be found. 

The ideal author does not pretend to 
expertness in book design after a read- 
ing of the publisher’s book of instruc- 
tions and a primer on typography. He 
does not insist on the use of Chelten- 
ham as a text type only because his 
marriage license was thus set. He does ~ 
not demand that the printer use bold 
face and italics liberally all through the 
text for reasons of emphasis. No, the 
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ideal author is content to let the pub- 
lisher take over all these perplexing 
problems because he has men trained 
to do these jobs well. 

The ideal author never sets himself 
up as a specialist in book marketing. 
He is modest about his ability as a 
creator of sound advertising copy. 
Rather he is persuaded that the pub- 
lisher has remained solvent over a 
period of years because he knows mar- 
kets and the type of advertising copy 
that will sell books. Somehow our 
ideal author will get the overwhelming 
conviction that the publisher wants to 
sell his book as much as he wants to 
see it sold. 

A question often asked is, “Do pres- 
ent-day authors of technical books 
write as we'll as did those of previous 
generations?” This question cannot 
be answered categorically. For one 
thing, these authors of older days grew 
up in a period free of such present-day 
attractions or distractions as funnies, 
movies and radios, when about all left 
to do on long winter evenings was to 
study or read the substantial books the 
old folks left around. Also, today there 
are hundreds of authors of technical 
books rather than dozens, as in the 
older days. Furthermore, in the past 
the writing of technical textbooks seems 
to have been left to a relatively few big 
names, such as Thurston, DeVolson 
Wood, DuBois, Merriman, Lanza, J. B. 
Johnson, and Peabody. 

With a view to seeking at least a 
partial answer to the above question, I 
recently asked our senior editor to look 
through some of our earlier books be- 
ginning with Schoolcraft’s “A View of 
the Lead Mines of Missouri” (1819), 
Davies’ “Elements of Surveying” 
(1839) (the West Point textbook), 
Mahan’s. “Civil Engineering” (1868), 
and some of the books by the writers 
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mentioned above which were published 
in the latter part of the last century, 
She makes this interesting statement; 


“I believe that the generalization js 
safe that the writers of our technica 
books of the last century had a more fit 
ent and easier style than our writers of 
today. At least the ones listed above un 
derstood the elements of sentence struc. 
ture; their meticulous punctuation dem- 
onstrates that they had a real grasp of the 
grammatical framework of their sen 
tences. They could even handle par 
ticiples correctly. 

“On the whole, they wrote as one might 
expect intelligent, well-read men of good 
general background to write. I mean by 
that statement that their background wa 
wide enough to embrace other languages 
(French and German quotations appear 
with some frequency, and Merriman has 
a Latin motto on the title page of his 
“Textbook on Retaining Walls and Me 
sonry Dams”), and frequently they it 
dicate philosophical sidelights or see their 
subjects in true perspective. They ust 
ally start with definitions and announte 
the limits of the subjects that they intend 
to discuss, applying the sound pedagogical 
principle of building on a foundation of 
the known and proceeding to the um 
known. They successfully avoid “jat 
gon,” writing simply, directly, and with 
considerable facility. In short, they 
handle English like ordinarily well-edt 
cated men rather than as specialists. 

“All this sounds uniformly favorable; 
it should not be taken for granted that 
their productions were perfect. In get 
eral, they show complete disregard fof 
many details about which we take te 
mendous pains today. They have no sy= 
tem of nomenclature or consistent scheme 
for abbreviations, and they exhibit sud 
reprehensible habits as using Arabic and 
Roman numerals in the same numeration: 


But even though there may have 
been more style in the writings of ar 
thors of older days, I think it cannot Buti 
be denied that the average technical 
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hook today is better than the older 
\}books, more teachable and more gen- 
‘Heally useful. The authors obviously 
are responsible for most of the im- 
provement, but the publisher, too, can 
daim some small amount of credit. 
Over the years he has learned many 
vauable lessons—most of them by 
fainful experience. These he places 

# the disposal of his authors, to be 
acepted or rejected according to their 
_} pleasure. 

But what of the ideal publisher? Is 
le a paragon of many virtues—this 
person who demands so much from 
lis authors? Perhaps our definition 
ould be left to.a committee of au- 
thors but, lacking that, let us see what 
srt of man our ideal author is rea- 
wnably entitled to expect. The ideal 
technical publisher, too, should be a 
man of parts—intellectually he should 
le at least a civil, electrical, mechani- 
al, chemical, and metallurgical engi- 
wer rolled into one. Perhaps he 
tught to be a moderately capable 
fhysicist and mathematician. Since he 
fiblishes many books in the sciences 
for liberal arts colleges, should we not 


jat- Fiemand also that he measure up to the 


tiucated man as described by Dr. 
Nicholas Murray Butler in those well- 
mown lines which begin, “These are 
. $tidences of an education,” et cetera? 
If this composite picture of omnisci- 
tice is not possible of attainment—and 
ktme be the first to say that it isn’t— 
what are some of the attainable char- 
teristics of our ideal publisher? To 
Win with, he must be an enthusiastic 
istener. He should be prepared to 


it } _ hours becoming acquainted with 


origin, development, and final prepa- 
lation of each manuscript. He should 
an expert in the art of cross-exami- 
lation, to make sure that every phase 
the project is covered in detail and 
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thoroughly understood. Several times 
during the conversation, the publisher 
will intrude with that sentence known 
to and expected by every author, “No, 
I’m afraid you can’t do that.” It usu- 
ally occurs when there is a request for 
six or eight four-color inserts. 

The publisher—we are talking still 
of that mythical person—must be a per- 
son of “sweet reasonableness.” If the 
author says his manuscript will be 
ready on September first, the publisher 
should not be annoyed unduly if the 
manuscript arrives the following April, 
and with most of the illustrations mis- 
sing. When the manuscript, in the 
course of time, goes to the printer and 
the galleys start rolling, the publisher’s 
temperature should not rise to fever 
height if the book is rewritten there 
and then, causing an excess of the al- 
lowance for author’s alterations. Of 
course not! Isn’t the author a novice 


at such things and therefore not sub- 


ject to such ridiculous rulings? The 
changes he made were important and 
improved the book tremendously. The 
publisher wants a _ superior book, 
doesn’t he? 

To drop the facetious note, the true 
publisher believes heartily in his au- 
thors ; he has confidence in their ability 
and shows it by keeping the book be- 
fore the public year after year. I re- 
fer, of course, to the standard book, 
the kind of publication which every 
publisher wants. This type of book 
will stay on his list, he hopes, for 
twenty, thirty, or even forty years, and 
if it reaches one hundred years, as one 
Wiley book did this year, well, that is 
the publisher’s idea of a genuine pub- 
lishing achievement. Barabbas was a 
publisher, we are told—but he was an 
exception to prove that publishing is 
an honorable calling. Worthily con- 
ducted, it can be a great influence for 
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scientific advancement and for the de- 
velopment of new and promising tal- 
ent; and the relationship between au- 
thors and- publishers can be, and usually 
is, a partnership characterized by mu- 
tual respect and friendship and moti~- 
vated by loyalty to scholarship and the 
furtherance of useful knowledge. 
There is every reason to believe that 
the engineering colleges of our coun- 
try will continue to graduate men who 
will become the great engineers of the 
future. They will build colossal dams 
and aqueducts, countless thousands of 
miles of concrete highways; they will 
design bridges spanning huge water- 
ways; they will create giant turbines 
and other great machines; they will 
plan, erect, equip, and codrdinate the 
facilities of mammoth chemical and 
processing plants; they will bring into 
existence myriads of useful products 
fashioned from new materials with 
much skill and beauty. These are only 
some of the splendid achievements we 
shall expect from our technical men. 
But if the knowledge which they have 
gained of forces and materials is to be 
transmitted to new generations, pro- 
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ficiency in the use of language must 
also become an important part of the 
engineer’s professional equipment. | 
am sure you have said these words to 
your students many, many times, | 
repeat them because we, as _ technical 
book publishers, realize that our future 
publications are dependent upon your 
success in training men who are c 
pable writers as well as competent en- 
gineers. 

To you teachers of English I there 
fore say: Engineering students need 
all your patience, your sympathetic um 
derstanding, and your wise counsé, 
Occasionally, I know, you are dig 
couraged, for there are moments when 
it must seem that there is little use im 
attempting to teach writing to students 
who are absorbed chiefly in mathe 
matics, physics, and chemistry. Butl 
also know that your efforts are worth 
while and tremendously important, not 
only to the student and to his future 
employer, but also to the permanent 
enrichment of contemporary engineer 
ing literature. Yours is a great te 
sponsibility and a magnificent oppor 
tunity. 











ye must 
t of the 
ent. | 
rords to 
mes, | 
echnical 
r future 
on your 
are (a 
tent en- 


I there 
ts need 
etic un 
counsel, 
ire dis 
ts when 
> use if 
students 
mathe 
But I 

e worth 
ant, not 
s future 
rmanent 
ngineef- 
reat fe 
| Oppor 








S.P.E.E. and E.C.P.D. Initiate Codperation in 
Professional Development 


By IVAN C. CRAWFORD 
Chairman, S.P.E.E. Committee 


and 


CHAS. F. SCOTT 
Chairman, E.C.P.D, Committee 


Robert E. Doherty, retiring Chair- 
man of the Engineers’ Council for 
Professional Development, in October, 
(943, said “The Committee on Profes- 
gonal Recognition has followed with 
thremitting energy its policy to con- 
finue an educational campaign among 
fhe new generation of engineers that 
would lead ultimately toward the end 
da ‘greater solidarity of the profes- 
son.’ Professor Scott’s committee is 
atrying out its purpose largely by the 
distribution of appropriate articles such 
# Dr. Wickenden’s ‘Second Mile’ and 
tow plans are being framed jointly 
the E.C.P.D. Committee on Pro- 
fssional Recognition and the S.P.E.E. 
Committee on Personal Development, 
i which Dean Ivan C. Crawford is 
dairman, to give even greater em- 
phasis to the enterprise.” The prin- 
Gpal joint activities of the past year 
ue here recounted : 


Tae Presmpent CaALts For ACTION 


1. President Doherty, in his dual 
@pacity as President of S.P.E.E. and 
(airman of E.C.P.D., in the fall of 
(43, was requested to initiate the 
pint program of the committees of the 
Wo organizations. In a letter to each 
tigineering teacher he stated “Your 
Msition and opportunity are unique. 
Among the fifty groups of S.P.E.E. in 
ts 50th year none was authorized to 


deal with engineering as a profession. 
We are starting something. It needs 
the acceleration which your views and 
convictions can give.” (Letter pub- 
lished in the November 1943 JouRNAL 
OF ENGINEERING EpucaTION.) His 
clarion call was unprecedented. It 
was no perfunctory letter. It seethed 
with a conviction which again -ani- 
mated his address as retiring President 
of the S.P.E.E. in Cincninati in June. 
The letter must be re-read for full 
understanding—it tells what the engi- 
neering teacher may do to build the 
profession. “His responsibility is very 
great and his opportunity for service 
to his profession and to his country is 
most challenging.” . 


Wuart 1s E.C.P.D. Tryine to Do? 


2. The report of the E.C.P.D. Com- 
mittee on Professional Recognition was 
sent by Dean Crawford to S.P.E.E. 
members. “The objectives of E.C. 
P.D. can never be achieved if only the 
members of the Council know what 
E.C.P.D. is and what it is trying to do. 
Individual engineers must know and be 
interested in these activities.” To 
achieve the objectives of our joint pro- 
gram, engineering teachers should 
know E.C.P.D. The report tells the 
story of the evolution of E.C.P.D., of 
the incidents which led up to a plan 
for joint action culminating in E.C. 
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P.D.; its immediate objective, the de- 
velopment of the young engineer which 
was delegated to four committees ; and 
its general objective, the enhancement 
of the professional status of the engi- 
neer through “greater solidarity of the 
profession, and greater effectiveness in 
dealing with technical, social, and econ- 
omic problems.” The report tells why 
the Committee on Professional Recog- 
nition is concerned with “the new gen- 
eration of engineers” and how the or- 
iginal “Second Mile” proved an effec- 
tive implement ; also how our S.P.E.E. 
codperation came about, and concludes 
with a dissertation on How to Help 
as a sequel to E.C.P.D.’s general plea, 
Will You Help? 


Key Positions oF SOCIETY 
CouUNSELORS 


3. To Faculty Sponsors of student 
organizations of the national societies 


the following letter, signed by the two 
Chairmen, was forwarded with a letter 
of transmittal by the heads of student 
activities in the several societies : 


As chairmen of codperating commit- 
tees of E.C.P.D. and S.P.E.E. for pro- 
moting professional development we 
desire to work with you in planning to 
give it new emphasis in “Engineering 
Education after the War.” 

Dr. Doherty in his keynote letter in- 
dicates the lack of professional conscious- 
ness and codperation among engineers. 
He calls upon the members of S.P.E.E.: 
“to take a stronger part in building the 
engineering profession; . . . if the en- 
gineering profession is to come into its 
own with a new understanding of its 
inevitable responsibility to society, the 
engineering teacher must bring it there.” 

We feel that you as representative of a 
national engineering society as well as 
a faculty member are in a unique position 
with double opportunity and responsi- 
bility. 
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We are therefore suggesting that yoy 
—and there are some 500 of you—joip 
in the general planning for “Engineering 
Education after the War” by crystallizing 
your best thought as to methods for mak 
ing the student branch more effective in 
promoting professional consciousness and §.. 
an understanding of the place of eng 
neering in modern life. Your student 
organization presents a fertile field for 
cultivating “professional development” 
There are several reasons. 

Student affiliation with a national so 
ciety gives at once a realistic introduction §. 
to the profession and a real sense of be 
longing to it. 

From Society contacts come apprecia- 
tion of the kind of practical problems 
that will come later and the preparation 
needed; problems not only technical but 
ethical and professional. 

The forward looking student will sense 
the non-technical aspects of his profes 
sion and the role engineering should play 
in a better world order; youthful imagin 
ation may vision his part in it; such may § 
be the beginning of the future leader, 

The student society by its method it 
duces interest and initiative. Here the 
student is not told what to do; he cam 
do what he wants to do—make his own 
program, choose his own topics, handle 
his own discussions, select speakers. 
He relishes a bit of “free enterprise, 
free from scheduled regimentation. 

Adroit counseling may indicate regions 
to be explored under the student’s own 
motive power of interest and inquify. 
The development of “independent a 
tivity” is a goal of education. 

The recommendation of the five society Hi 
presidents for joint student meetings By) 
during the present emergency may bf 3 
followed in principle in making plas g, 
for the afterwar program. The 
counselors at an institution may a 
jointly on their common problem, yag™ 


may compare and evaluate past exper ge 
iences (for example, in the use of “Te §a 


Second Mile,” or the adequacy of oi 
side speakers) and formulate your ides 
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to objectives and methods as a basis 

future plans. Discussion with fac- 
4 colleagues and graduates, and with 
pacticing engineers and members of 
your Societies may be helpful. 

It may be found wise to continue 
joint meetings of student groups to deal 
with the common problems of their pro- 
fssion, incidentally preparing for the 
@lidarity so essential later on. 

The present need in the evolution of 
m@gineering as a profession is profes- 
sonal understanding, consciousness, sol- 
farity and joint action. The rich op- 
prtunity for cultivating these qualities 
in the student branch surely puts the 
munselor in a “Key position. His re- 
gonsibility is very great and his oppor- 
fity most challenging.” 

We offer our assistance as an _ initial 
dearing house that your best thought and 
ptoposals may be made available to each 
you in a summary which may have 
fmitfiul and far reaching results. We 
fopose close codperation with your na- 
ional student committees, which handle 
di phases of your work, while we are 
mncerned with the professional aspect. 
Pease send your comments and sugges- 
fons to the S.P.E.E. chairman, with 
wpies to the E.C.P.D. chairman and to 
jour national society chairman. 


First CONFERENCE: A NEw 
CoMMITTEE 


4, On the general program of the 


ity. P.E.E. convention we recommended 


pers in view of the emphasis laid on 
le responsibility of the engineering 
acher for building the engineering 
biession. Our recommendation ar- 


i program and Secretary Bishop 
Miggested that we arrange a conference 
ich we did. We invited deans and 


lal, A Profession Without Unity. 
is conference formally devoted to 
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the “profession” was a veritable ex- 
perience meeting. Most of the speak- 
ers told how they present the engineer- 
ing scene to their students, but more 
significant than.what they said was 
their keen interest and pride in the 
solutions they had found, There are 
over 25 written contributions, the es- 
sence of which it is planned to make 
available later. 

At the conclusion of the conference 
a resolution was passed asking the 
Council of S.P.E.E. to appoint a com- 
mittee (one not having other duties) 
and thus to put on a permanent basis 
what has been somewhat of a pioneer- 
ing project. President Rogers has ap- 
pointed the following Committee on 
Professional Development: Ivan C. 
Crawford, Chairman, F. M. Feiker, 
H. J. Gilkey and R. W. Warner. 
Dean Steinberg, who proposed the 
resolution, says, “I am of the opinion 
that this session started something that 
will prove of great value to engineering 
students and to the profession.” 


“THE ENGINEERING PROFESSION 
ToMMORROW” 


5. The Engineering Profession To- 
morrow was not specifically planned by 
the codperating chairmen though it 
more than meets their expectations 
when they asked that the profession 
have a place on the general program. 
President Doherty has closed his year 
with a fine sequel to his keynote letter 
at its beginning. It is no perfunctory 
address. It is distilled from his ex- 
perience with engineers and with en- 
gineering bodies. It begins, “The én- 
gineering profession tomorrow will be 
largely what engineering education to- 
day makes it.” He tells what the 
profession of today is not and what 
it ought to be; he says that the primary 
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end of education is “intellectual power, 
not merely routine skills and memo- 
rized facts,” and in his last paragraph, 
in the September 1944 JouRNAL, is 
this “and the codperation of E.C.P.D. 
and S.P.E.E. committees according to 
a definite plan approved by both bodies 
affords the means for developing pro- 
fessional interest and understanding.” 
(His interest in the proposed codpera- 
tion led him a year ago to make a 
special E.C.P.D. fund available for 
its early activities. ) 


WICKENDEN’S “RE-SURVEY” 

6. The Second Mile—A Re-Survey 
was announced and an order slip en- 
closed in Dean Crawford’s letter to 
S.P.E.E. members. The advisability 


of issuing the revision now had been 
questioned, students were disappearing 
from schools, people were engaged in 
war effort, the publication of the or- 


iginal in society publications two years 
ago and the subsequent distribution of 
20,000 copies suggested a. satisfied 
demand. Nevertheless, 5,000 copies 
were ordered. The early circulation 
had not satisfied the demand; it cre- 
ated it. More of the “Re-Survey” 
have been sold in a few months than of 
the early edition in two years. Over 
50 schools have ordered from 100 to 
900 and nearly two score industries 
and societies have taken an average of 
about 300. 

True, engineering is gaining in 
esteem and popularity due to the war 
effort; older engineers are trying to 
orient themselves; they are trying to 
locate the dividing line between pro- 
fessional and unionized groups; they 
are trying to visualize and realize the 
United Front which they now lack. 
But why the orders for the new ver- 
sion of “The Second Mile?” We 
asked larger purchasers “Just why did 
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you order the new pamphlet? for 
whom? how do you use it? “Nota 
questionnaire but a sort of Gallup poll 


which may indicate the status of “pro. §! i 


fessional” interest amid the present 
confusion. In the lines and between 
the lines of the replies there is a serious, 
not merely casual, interest and a readi- 
ness, even a missionary zeal, to spread 
the Wickenden gospel. In the schools 
it is found to have vitamins for all 
from freshman to president. Replies 
must be condensed. Two deans ar 
liberally quoted; then a composite is 
assembled; then follows a culling of 
pertinent sentences: 


Wuere “THE SECOND MILE” Goss 


“1. Copies of ‘The Second Milé 
ordered for faculty members and for 
seniors. 2. The importance of what 
Wickenden calls ‘The Second Milé 
cannot be overemphasized. 3. In the 
difficult post-war years ahead of us, it 
will be highly essential that engineets 
hold fast to professional ideals of ut 
selfish service, of technical competence, 
and of broad interest in all that cor 
cerns human welfare.” . 

“A copy to each of my students (fo 
develop the professional attitude even 
if they should only have a career @ 
technologists) ; initiates of Sigma Tal 
and Tau Beta Pi; also to the president 
of the University, the engineering fat 
ulty and to members of one or two @ 
the general committee of the Univer 
sity. I hope that my colleagues have 
an understanding of what a professional 
engineer is. What results do I get? 
I only wish that I knew. I am @& 
thusiastic about the pamphlet and shall 
continue to use it.” 

For freshmen it is used in lecturt 


and orientation courses ; in assignments # 


to be followed by questions; im 4 
course in engineering development; # 
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English classes as an exhibit of English 
by an engineer ; it is useful for its in- 
girational value creating a sense of 
pride in the profession and indicating 
its responsibilities ; it lays the founda- 
tion of correct professional attitude 
aatly in the student’s career; it makes 
the beginner aware of the service mo- 
fve of the profession. Some are 
experimenting with methods of pres- 
mtation and observing results; some 
expect one result from freshmen and 
mother from seniors. 

For more advanced students the 
pamphlet is the basis for a wide range 
df professional presentation and dis- 
ussion. It is fertile material for stu- 
dent society meetings. “It served as a 
gringboard for a student-faculty dis- 
aission on professional aspects of en- 
gmeering and on the relation of our 
aitriculum to these problems. It 


brought out vigorous questions and 
inions from students and staff. 


let's have more like that.’” “As re- 
quired reading for discussion in our 
senior classes it has stimulated a great 
teal of interest and thought among our 
students. The reaction has been most 
favorable, which is particularly im- 
portant in these uncertain times.” 
‘Starting with freshmen we expect to 
follow through’ in the student branches 
0 the development of an ethical con- 
iousness, such as the development of 
tcode that may be put into practice 
Wy the student body.” “Students are 
engrossed in a single objective, and 
fachers as well, that we have lost our 
nse of professional direction. Wick- 
tiden has helped our students find at 
Kast the beginning of the road.” 

A letter to graduates at their home 
addresses contained congratulations on 
Waduation followed by “Will you 
moose some quiet moment to read this 
lifle pamphlet? When you have re- 
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read it and have time to meditate on 
it, please write me your reactions.” 

“My own interest in helping students 
was stimulated by receipt of the Report 
of the Committee on Professional 
Recognition, so I ordered 200 copies 
of the Re-survey.” 

“The work of E.C.P.D. is a bul- 
wark of strength; it points out with 
clarity and persistence that professional 
recognition must come not through en- 
forced demands but by self improve- 
ment, superior service, and a growing 
sense of public responsibility” 

Reports from officers or personnel 
men in industry attested the favorable 
response to the distribution of the 
pamphlet among their engineers. 


RECAPITULATION 


It may be noted that the activities of 
the past year have been directed to the 
engineering teacher “to arouse his 
responsibility in promoting the non- 
technical phases of the make-up of the 
engineer and the qualities that con- 
tribute to the building of the profes- 
sion.” The attitude, interest and ac- 
tion attested by the conference at the 
convention and the avidity with which 
the new version of the Second: Mile 
is being received show that educators 
are becoming alert to the problems 
of the profession. The recent S.P.E.E. 
report on Engineering Education After 
the War, published in the May Jour- 
NAL, states “Events have shown one 
major extension to be needed, namely, 
a more positive indoctrination in civic 
and professional responsibilities,” and 
it devotes over half a page to Cultiva- 
tion of the Ideals and Obligations of 
the Engineering Profession, focusing 
responsibility on engineering faculties. 

Toward the end of his new section, 
Does an Engineer Need his Profes- 
sion? Wickenden says, “Most of all 
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that has been set down above has an 
idealistic base”; Doherty calls for 
“Professional consciousness”; Gilkey 
for “Over-all esprit de corps”; the 
E.C.P.D. committee report for the 
“Spirit of the Engineer.” That in- 
tangible Something is a reality which 
is essential to coOperation and a united 
front. Attempts at organized codpera- 
tion without it have failed. Ideals 
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must be implanted in the young er 
gineer and nurtured by the engineering 
teacher. Many teachers are of the 


opinion that the professional aspeets 
of engineering “should be brought into 
all courses incidentally by the instruc 
tor.” 

Again, “The engineering profession 
tomorrow will be largely what engi- 
neering ‘education today makes it.” 
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Agricultural Engineering * 


By J. BROWNLEE DAVIDSON 
Head, Agricultural Engineering Department, Iowa State College 


The background of experience from 
which I will address you for the next 
few minutes began forty years ago 
when a newly established position was 
ered to me by the University of 
Nebraska. The responsibility of the 
tew position was to organize and 
give instruction in a new subject to be 
gven the name of farm mechanics. 

There were a number of considera- 
tions which favored the acceptance of 
the position outlined to me but the op- 
portunity to make a contribution to the 
development of certain agricultural 
machines which I had dreamed of as a 
boy on the farm was one of the de- 
fmining factors. As a prospective 


Ggaduate I did not have a very clear 


idea of the scope and character of the 
work of the engineer or the possibili- 
lies of the service the engineer might 
mnder to agriculture. The outcome of 





the proposal was that I asked to be 
tleased from a position I had secured 
vith a large manufacturer and the 
urse of my life was changed. 

At any rate, I am with you today to 
lik briefly about agricultural engineer- 
ig, which grew out of this develop- 
ment in education, to tell of my per- 
mal adventure and that of 500 


‘$faduates who share with me their 


Siccesses and achievements. I believe 
that it is expected that I should outline 





*Presented at the 52nd annual meeting, 
PELE. (Agricultural Engineering), Cin- 
mati, Ohio, June 22-25, 1944. 


from my experience some of the ideas I 
have of the scope and character of 
agricultural engineering, to cite some 
of the accomplishments in this new 
branch of engineering, and to point 
out, if I am able, some of the oppor- 
tunities for service and development 
in this field. 


THe Purpose or Tuis TALK 


It is the acknoWedged purpose of 
my remarks to enlist the interest and 
secure the moral support of a larger 
group of S.P.E.E. members in a new 
branch of the engineering profession. 
I believe that the development of agri- 
cultural engineering is worthy of your 
assistance and encouragement. Al- 
though the record for agricultural en- 
gineering is one of accomplishment, it 
is felt that progress has not been made 
as rapidly as the circumstances justi- 
fied. It is very much desired that 
engineering educators consider the 
possibilities in this branch of .engi- 
neering and lend it support, as I be- 
lieve opportunities fully warrant. 

May I undertake to describe and de- 
fine the field of agricultural engineer- 
ing. In earlier years I would not have 
undertaken to do this, because I would 
have considered it unnecessary if not 
presumptuous. But nothing, I believe, 
will contribute more toward a meeting 
of minds than to start our thinking 
from a common and an accepted view- 
point. Even after these years I am 
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often asked, what is agricultural engi- 
neering? May we explore the field, 
and establish the areas of interest. 


AGRICULTURE ENGINEERING DEFINED 


Many of the conventional definitions 
for engineering include three central 
interests, described by three typical 
phrases: (1) the organization and di- 
rection of men; (2) the application of 
the forces of nature; and (3) the utili- 
zation of the materials of nature. In 
the accepted concept of engineering 
these three central interests are com- 
bined into a program for the produc- 
tion of commodities and services con- 
tributing to the well-being of man or 
the human race as the definitions may 
read. Using more common terms, 
these central interests of the engineer 
are labor, power and materials. We 
may expect that the general interests 
of an agricultural engineer are the same 
as other representatives of the engi- 
neering profession. 

It is frequently pointed out, and I 
mention it in review for the purpose of 
building up a common approach, that 
engineering may be classified as to the 
character and nature of the engineer- 
ing problems and techniques involved, 
such as civil engineering or mechani- 
cal engineering. But it is likewise a 
matter of precedent extending back 
over many years, to organize engineer- 
ing about an industry, mining engi- 
neering being the oldest example. The 
first classification is in a sense a ver- 
tical division, while the latter is a 
horizontal division. Agricultural en- 
gineering is similar to mining engi- 
neering in that it is the engineering 
organized about an industry—about 
agriculture. I might outline and de- 
scribe the distinctive branches of agri- 
cultural engineering which have de- 
veloped: power and equipment, farm 
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structures, and soil and water cop 
servation. But it seems we should but 
concerned with the principal engineer}? . 
ing interests as they are related # 
agriculture. Consider labor first. The 
engineer should be a specialist in labor 
efficiency. The 1940 U. S. census 
ports that 18.5 per cent of the persons 
gainfully occupied are in agriculture 
The per cent for manufacturing of al 
kinds is 23.4 per cent, only one-fourth 
greater than that for agricultum 
Those employed in _ transportation, 
communication, and utilities are 69 
per cent of all, or a little over one 
third of those in agriculture, while th 
per cent for mining is 2 per cent, @ 
only one-ninth of the workers in agi 
culture. 
POWER 

Let us next consider the use @ 
power, or energy to be more exatt 
The 1940 census credits all manufat 
turing as using 21 million horse power. 
in prime movers and 29 million home 
power in purchased energy, or a tog, 
of 50 million horse power. It is nec 
sary to resort to an estimate of i 
primary power used in agriculture 
Such ‘an estimate for 1940 is 97 mik 
lion horse power. It is recogniat 
however, that the actual energy usél 
in horse power hours by agricultit 
and the manufacturing industries may 
be quite different a matter. 


MATERIALS 


As to materials, agriculture is a 
extensive user of materials of consttlt™ 
tion, though I am net able to m 


comparisons for you. However, tg 

census indicates that the actual valit 
of farm buildings is over 10 billaiiy 
dollars, of which the replacement Gi. 
is thought to be about 30 billions, 2 
farmer must not only house his fam 
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put his livestock, his crops and his 
quipment. Accepted data indicate 
that expenditures for farm structures 
fas in the last decade varied from 140 
fo 900 million, dollars and the pur- 
thase of farm equipment has varied 
from 300 to 700 million dollars. 

Such is the agricultural engineer’s 
dake in the three central interests of 
the engineer—labor, power and ma- 
frials. But is there the opportunity 
yapply engineering methods and tech- 
fiques to agriculture? Occasionally 
md less frequently than formerly, it is 
suggested that there is little room for 
fhe practice of engineering in agricul- 
fare. Let us consider just one illus- 
tation, the production of one crop. 
lowa is in the center of the Cornbelt. 
The state, in 1943, grew eleven million 
ares of corn yielding a crop worth 
wer 5 billions of dollars. The Iowa 
Agricultural Experiment Station has 
sipported extensive engineering stud- 
#6 of corn production. What is the 
tthnique of producing corn? True, it 
§ necessary to start with the best 
¥ronomic program available—the soil 
Management program should be ac- 
arding to the most modern conception 
the sciences involved—it is neces- 
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cog lity to have the right kind of seed and 
te ie equipped with a knowledge of the 
zricultur #4 re of the corn plant. But the 
tries may 


tual production of the crop, after all 
these have been provided and ar- 
anged for, which consists in the prep- 
tation of the seedbed, the planting of 
Pe seed in the right amount to the 
“mint depth, the fight on weeds _ 
Mally the harvesting of the crop, i 


ire is 4 


cer, “complished by labor and by Maat 
me thin ued through machines—the em- 
nent of the engineer's art. There are 
Be weeny considerations in the production 
is fa ‘corn, but none are more important 


i the man hours of labor, the horse- 
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power hours of energy, and the ex- 
penditure for equipment. Standards 
of performance are just as important 
here as in the factory. To state that 
under certain conditions, to produce an 
acre of corn, it requires four man hours 
of labor, 35 horsepower hours of power 
and an annual expenditure of one dol- 
lar per acre for the use of machines, 
rings just as true to the engineers as 
any data you may quote from any 
production enterprise. 

It may be appropriate to consider 
briefly the special significance of the 
industry to which agricultural engi- 
neering is related. This is a matter 
of inspiration to the agricultural engi- 
neer and should be of some interest to 
all engineers. First it should be 
pointed out that agriculture is a pri- 
mary industry in which all must be in- 
terested because agriculture supplies 
food and raw materials for food, shelter 
and clothing and these are elemental 
needs of all. The only other industries 
that approach agriculture in this re- 
spect are home making, the basis of 
civilization, and education, the task of 
transferring to the coming generation 
such knowledge and experience from 
the past as can be passed on. 

So far, I have tried to point out 
something of the scope and nature of 
agricultural engineering. In addition, 
I would like to present three other mat- 
ters for your consideration. 


AGRICULTURAL ENGINEERING Is Ex- 
ACTING AND DIFFICULT 


From time to time I meet engineers 
who go out of their way to explain 
that agricultural engineering is very 
elementary and stands much below the 
high standards for other branches of 
the engineering profession. Such men. 
are in my opinion revealing a lack of 
an intimate knowledge of the engineer- 














230 


ing problems of agriculture. One of 
my particular interests is machine de- 
sign, and I have met machine design- 
ers who are contemptuous of farm 
machines. In a few instances I know, 
men with these views have undertaken 
to show up the resourceful and in- 
genious farm equipment designer, only 
to find that they have overlooked the 
economic limitations as well as the con- 
dition of exposure and rough usage to 
which the machines are subject. 

A few years ago an engineer with 
particularly fine training, including 
graduate work leading to a doctorate 
degree in addition to a conventional 
curriculum in engineering, and with 
extended experience in design, par- 
ticularly centrifugal pumps and aero- 
planes, was employed by a western in- 
stitution to work on orchard heating 
problems. He has stated that al- 
though the first two lines of design 
were recognized as representing a 
rather high order of mechanical knowl- 
edge and skill, this new work was 
much more difficult. Not only were 
the usual design problems present but 
meteorological and biological relation- 
ships were involved. This has been 
the experience of many other engineers. 

The division of agriculture into over 
six million units of farms with individ- 
ual management means that engineer- 
ing techniques must be introduced in a 
way applicable to the conditions to be 
met. Mining is organized into 12 thou- 
sand units or %o9 as many establish- 
ments. This does not mean that there 
is not the opportunity for engineering 
in agriculture, but that the problems 
are more difficult. To suggest that the 
engineering related to agriculture is so 
elementary as to be non-existent either 
indicates a lack of understanding of the 
genius of engineering or it reveals a 
complete absence of imagination. 
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Where there is so much labor, power, 
and materials there must be an oppor 
tunity for the engineer, and his work 
may be as difficult if not more so than 
that of many other branches of the pro- 
fession. 


A SIGNIFICANT ADVANCE 


Although agricultural engineering 
has not made such progress as those i 
this branch of the profession would 
have liked, there are some develop 
ments and achievements that may be 
pointed to with a degree of pride 
There has been much engineering prog- 
ress in agriculture but the professional 
engineer has not made a large com 
tribution. The proportion of mam 
power required in agriculture, the pro 
duction of food—a basic need—has be 
come progressively less as the yeats 
have passed. In 1840 the agricultural 
workers were 77.5 per cent of th 
total; in 1900, 35.7 per cent, and im 
1940 only 18.5 per cent. Now after 
two years of war it is estimated that 
only 16.7 per cent of our manpower 
used in agriculture. It would be pre 
sumptuous to claim that all of this 
change has been due to the inte 
duction of engineering methods, for 
increase in yields from improved 
varieties, the influence of better soil 
management, and more effective crop 
protection have contributed much, bit 
all careful observers will agree that it- 
creased labor efficiency was the most 
important factor. 

The industrial progress in the United 
States has been the outstanding event 
of the world’s industrial history. Iti 
true that we had a wealth of resources 
in materials but it is also true that the 
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came first and agricultural develop- 
ment followed. The reverse order of 
events may be as nearly accurate. 

We are now engaged in a war that 
is testing our resources to the utmost. 
It is generally accepted that we have 
gained our present advantage through 
our ability to produce in quantity the 
equipment and munitions of war, but 
I would like also to remind you that no 
country in the wide world could spare 
so much manpower from its agricul- 
ture as the United States, and at the 
same time increase production. In my 
home state there are about 200,000 
farms. These are individual farms— 
family farms with the largest annual 
income per farmer among the states. 
A recent estimate credits these farms 
with furnishing 190,000 men to the 
armed forces and to munitions manu- 
fature. If we have the wit and wis- 
dom to go forward after this war and 
continue to increase through engineer- 
ing, our services and commodities to 
human society, additional manpower 
will be available from agriculture, be- 
use all of its prewar requirements 
will not be needed. But the particular 
point is that, largely through the ap- 
plication of engineering techniques, 
griculture has made its contribution 
to the war effort. 


Russta’s NATIONAL DEFENSE 


The Russian people have made a 
Magnificent defense of their homeland. 
They have repelled the invader, our 
fommon enemy, and history may 
fecord that through them the world 
Was saved from despotism. 

All liberal minded observers will 
agree that this tremendous war effort 
tpon the part of Russians had its 
genesis in the application of engineer- 
ing technique to their agriculture —the 
mechanization of their agriculture as 
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they called it. Under the old regime 
in Russia about 85 per cent of their 
population was on the land. Very 
primitive methods prevailed and often 
there were famines. The other 15 per 
cent of the population were divided be- 
tween the nobility, and those in com- 
merce and in the trades. Those re- 
sponsible for the first 5 year plan fore- 
saw that if they were to develop in- 
dustrially and otherwise, manpower 
had to be made available from their 
agriculture. So they embraced our 
agricultural methods—our more ex- 
tensive methods, in fact. Some of us 
were glad to have a small part in the 
program in 1929. To be an engineer 
in Russia at that time was to command 
respect. To be an American engineer 
was to be esteemed, and to be an 
American agricultural engineer was to 
hold a place of special honor. It was 
out of this program vf agricultural en- 
gineering the Russians secured the 
manpower for their manufacturing in- 
dustries, for their transportation, their 
new educational program, and for their 
armed forces. When the story of 
Russia’s war effort is properly written 
into the pages of history, the influence 
of the introduction of agricultural en- 
gineering must be given a prominent 
place as a background. 


THE Future 


And now I would like to direct your 
attention to the future. It is the 
worthy ambition of the engineer to 
produce commodities which will con- 
tribute to human well-being, in other 
words, to make the world a better, a 
more comfortable, a. more healthful 
and interesting place to live. To some 
of us the opportunity seems particu- 
larly inviting to the agricultural engi- 
neer. The possibilities of advancing 
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labor efficiency in agriculture is still 
very great. We are rapidly substitut- 
ing the world’s lightest prime mover, 
the internal combustion motor, for the 
heaviest prime mover, the animal, and 
we have been largely devoid of imagi- 
nation. We have been trying to make 
a mechanical horse—a pulling unit out 
of the motor instead of capitalizing its 
great advantage, lightness. Housing 
—the housing of farm people, farm 
livestock, crops and equipment is await- 
ing the combined contribution of the 
codperative team, the scientist and the 
engineer. 

We are engaged in the greatest con- 
test of arms that the world has ever 
witnessed. Our objective has been 
stated as a battle for freedom; freedom 
of speech, freedom of worship, free- 
dom from fear, and freedom from 
want. The latter is not the least but 
it is for the most part freedom from 
famine. An interesting conference was 
held last year in the United States at 
Warm Springs, Virginia. It was the 
United Nations Conference on Food 
and Nutrition. Two significant state- 
ments came out of theconference. The 
first was that two-thirds of the world’s 
population were engaged directly in 
the production of food—67 per cent 
against 1814 per cent in the United 
States. Second, that two-thirds, or an 
equal proportion, were continually 
hungry. Who, may I ask, may have 


the opportunity to contribute the larg- 
est measure of service to the hungry 
world? 


I am not unmindful of other 
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contributions that may be made, but 
if the world is to have more goods and 
service, engineering methods which en- 
able more to be produced must be 
utilized. This week a representative of 
the Chinese Ministry of Agriculture 
addressed the agricultural engineers 
at Milwaukee. He estimated that 
something like 121 million acres of 
additional land could be brought into 
production. Some of this is marginal 
land which must be utilized on an ex 
tensive plan if at all. 

It would appear to me that solving 
the problem of freedom from want oF 
fers one of the greatest opportunities 
for service to humanity that ever came 
to any group of men, if it can k 
grasped. I ask the engineering edt 
cators present, why not consider the 
soundness of what I am saying, andif 
you find it true, as I think you must, 
why not give the agricultural engineet 
encouragement ? 

There are a number of agricultural 
engineers present. I would say to you 
that we should embrace the unusual 
opportunity of service here and abroad. 
Engineers serve in the production o 
commodities and services but the agri 
cultural engineer serves in a most iff 
portant way through the production d 
the most vital of the commodities the 
human race uses, food. 

If these thoughts I have expressed 
have been of interest I am glad. If 
they may in any way enlist a greater 
interest among engineering educatofs, 
my reward is great. 
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Some Revisions of Engineering Education * 


By ALAN HAZELTINE 
Lately Chairman of Physics Department, Stevens Institute of Technology 


My main thesis is: The engineering 
course is better adapted than the liberal 
wis course to give a broad understand- 


ing of the modern world. Engineering . 


wlleges have overlooked an oppor- 
tunity in taking for granted that their 
mly mission is to train engineers. 
liberal arts teachers have too long con- 
sidered themselves as the custodians of 
ailture and have looked down on their 
mgineering colleagues. On the con- 
tary, we should force them to look up 
fous as the teachers of a fuller culture, 
ly sending out graduates whose vision 
i broader and deeper than they can 
gve. The time should come when 
ery high-school graduate having the 
itge and ability for creative work, no 
matter in what field, should look to the 
tgineering college for his basic train- 
ig. To him, the liberal arts course 
should appear a little old-fashioned and 
fo confining, rather a refuge for the 
intellectually less alert. 

Perhaps culture can be briefly de- 
fned as an understanding of the world. 
Our failure to disseminate this culture 
Widely enough is the weakness of our 
Wilization ; for we constantly hear the 
wmplaint that scientific development 
las outrun our ability to control it. 
Although our entire lives are bound up 
with the machines that have been pro- 
tided by the scientist and the engineer, 





*Presented at the 52nd annual meeting, 
SPE.E. (Electrical Engineering), Cincin- 
latic, Ohio, June 22-25, 1944. 


only a relatively few, even among 
highly educated people, have been 
trained to understand these machines 
and their relation to our way of living. 
It will not do to serve young people 
with purely descriptive courses. The 
thoughts that are evoked by a descrip- 
tion of the telephone system, an auto- 
mobile, motion pictures, the radio, are 
not at all the thoughts of the engineers 
who evolved these machines. To un- 
derstand our world, one must actually 
think as the engineer thinks—often 
without words. but by spatial and 
mathematical relations that can be ex- 
pressed only in drawings or graphs. 
This statement may be doubted at 
first. Does one after all need to know 
how a machine works? Would it not 
suffice for cultural purposes merely to 
appreciate how its use affects our lives? 
To dispel this doubt, let us look fur- 
ther into our idea of culture. Our 
machine age is not characterized merely 
by the use of machines, but more im- 
portantly by a new mode of thought. 
Precision has replaced suggestion. In 
the realms of literature and art, 
thoughts are conveyed by suggestion: 
nothing is precise ; nothing can be posi- 
tively proved. As physical science and 
engineering have developed, they have 
become more and more rigorous and 
precise. Before Coulomb, electrical 
science was wholly descriptive; now 
we have carefully defined standards of 
measurement, as well as standard defi- 
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nitions of terms and hosts of other 
standards for reckoning the perform- 
ance of our machines. In a few hun- 
dred years, standards of length have 
progressed from the length of a man’s 
foot to a gage block precise almost to 
a millionth of an inch; and standards 
of weight, from a grain of wheat to a 
magnitude expressible to about one part 
in a billion. Watt thought it a good 
fit when he could not drop a shilling 
between a piston and its cylinder; now 
we have great gears advertised to have 
their tooth surfaces precise to a ten- 
thousandth of an inch. A hundred 
years ago, heat was only a qualitative 
science; for, until Kelvin provided it, 
there was no criterion for judging 
whether a degree at one part of a 
thermometer scale was equivalent to a 
degree at another part. Precision in 
thinking, gained only by habitual ap- 
plication in the study of engineering, 
is one of the most vital elements of the 
culture that our young people need. 

But, proponents of the liberal arts 
will argue, our courses recognize es- 
thetic values; yours do not. This ob- 
jection is without foundation: beauty 
is an element of good literature and 
good art; it is also an element of good 
science and good engineering. I 
would assert that a concise mathemati- 
cal proof, a well conceived physical ex- 
periment, or a superbly fit engineering 
design, can have a higher order of 
beauty than can an essay or a painting. 
To appreciate beauty of any kind re- 
quires some education. To the initi- 
ated, does not Faraday’s series of basic 
electrical experiments exhibit a beauty 
hard to match by any work in words 
or in paint? 

Again, it may be argued that liberal 
arts courses have a utilitarian value as 
pre-professional courses for fields other 
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‘ writer of fiction has had an engineer- 





than engineering. The answer to this 
is that already many students have 
found an engineering course to bea 
particularly good foundation for other 


professions. I think of a member of 
the clergy (now serving his country as 
chaplain in the Navy), a_ brilliant 
young physician, now a professor in 
his specialty, and an able lawyer, each 
of whom has credited his success to 
the training in precise thinking given 
him in the general engineering course 
at Stevens. More than one noted 


ing training or even has been a prac 
ticing engineer. We have been foo 
prone to think of such cases as excep 
tional; they should become common, 

If our main thesis be granted, the 
question then arises: how can a course 
designed primarily as a preparation for 
a professional engineering career kk 
adapted as a general cultural course? 
My answer is: by condensing into three 
years our present general engineering 
course and then differentiating in the 
fourth year with special cultuml 
courses and courses in business at 
ministration, in mathematics and the 
physical sciences and in the variow 
branches of engineering. The fourth 
year might also include courses in bit 
logical science, for pre-medical prepe 
ration or for their own sake. This 
proposal is based on my secondary 
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thesis: with properly selected studenis 
having adequate preparation, it is pos 
sible by improved methods of presente 
tion to cover in three years the ful 
equivalent of what is now being & 
credited as a four-year course in gett 
eral engineering. To define my terms, 
“adequate preparation” means merely 
that which is now being given by tt 
first-class high-schools and preparatory 
schools in New England and the Mit 








r to this 
its have 
to bea 
or other 
mber of 


untry as 
brilliant 
essor it 
yer, each 
ccess to 
1g given 
7 COUTs 
e noted 
ngineet- 
a prac 
een 00 
S excep 
mmon, 
ited, the 
a course 
ation for 
ureer he 


course? 
ito three 








‘wrote the text. 


SOME REVISIONS OF ENGINEERING EDUCATION 


dle Atlantic States; and “properly se- 
lected” means such selection as is now 
practiced by most engineering colleges 
in this region, with perhaps somewhat 
more care in excluding through apti- 
tude tests those doomed to failure in 
the freshman year. 

It is emphatically not proposed to 
weaken the present general engineer- 
ing course by cutting’ out any of the 
real substance, nor by substituting a 
descriptive presentation for a rigorous 
one. On the contrary, logical rigor 
should be one of the conspicuous fea- 
tures that would strike the freshman 
as distinguishing the college course 
from his high-school course. He should 
be told not to accept his professor’s 
word for anything basic, but should 
expect to be shown the basis in ob- 
servation for every physical law and 
every mathematical postulate, with 
definitions of all terms and complete 
derivations of the consequences of 
these laws, postulates and definitions. 

The required condensation can easily, 
in my opinion, be achieved by abandon- 
ing methods of presentation which have 
been inherited from ages when the sub- 
jects were incompletely understood, by 
using the same points of view and the 
same terms in different departments 
teaching in the same field, and by cor- 
telating the work of the various de- 
partments so that subjects come to the 
student in logical order and without 
unnecessary duplication. 

Lest some be incredulous, I speak 
from experience, having had charge of 
courses in electrical engineering, mathe- 
Matics and physics, in each of which I 
In physics, for ex- 
ample, I abandoned the old-fashioned 
and inadequate introduction of elec- 
tricity by charged particles and magnet 
poles and started with current elec- 
tricity, with which were later incorpo- 
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rated dielectric and magnetic ideas; 
for it should be recognized that the 
work of Coulomb is now only of his- 
torical interest, having been completely 
superseded by the work of Faraday 
and the appreciation of conservation of 
energy. Thus, from the beginning, 
students worked with the concepts 
most used by electrical engineers—cur- 
rent, voltage, power and dielectric and 
magnetic fluxes. By simplifying the 
mathematical methods, I was able to 
bring down to the sophomore level sub- 
jects commonly reserved for senior or 
graduate courses: the laws of electric 
waves on lossless lines and plane waves 
in space were worked out rigorously 
with only elementary algebra; and the 
theory of radiation from a simple an- 
tenna or dipole was presented by ele- 
mentary calculus—no use being made 
of partial differential equations, vector 
analysis, or the arbitrary assumption 
of retarded potentials. With this back- 
ground, I was able to give an honest 
introduction to light as an electromag- 
netic wave (not the customary notion 
of a fictitious transverse vibration in a 
fictitious medium) and even to work 
out such a customarily advanced topic 
as Fresnel’s laws by the most ele- 
mentary relations of electric and mag- 
netic fields, again using only algebra. 

I refrain from giving other examples 
in mechanics, sound and thermody- 
namics and in mathematics. But they 
justify a strong conviction that our 
whole curriculum needs a detailed over- 
hauling with a critical examination of 
the best way to\ present each topic, 
making full use of present knowledge 
and untrammeled by tradition. 

With this conviction, we can reor- 
ganize our curriculum so as to give in 
three years a course which includes not 
only the culture of science and engi- 
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neering, but also appreciation of the 
humanities. At the end of this period, 
a student anxious to get into the world 
of affairs may properly terminate his 
academic training, having the advan- 
tage of a year saved at a critical period 
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in his career. Other students will want 
to go further—perhaps in the humani- 
ties, perhaps in basic science, perhaps 
in other professions, but most often, 
we still hope, into our own profession, 
engineering. 
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Curriculum Revision at the Massachusetts Institute 
of Technology 


By J. R. KILLIAN, JR. 


Executive Vice President 


Changes in the undergraduate cur- 
riculum of the Massachusetts Institute 
of Technology are now being made to 
meet special conditions which will ob- 
tain during the post-war period. These 
changes have taken two directions, 
first, the simplification of course 
schedules and second, revision and 
expansion of the humanistic part of 
the curriculum. 

The new schedule of subjects pro- 
vides for a standard curriculum for all 
first-year students, including those in 
architecture. The second-year cur- 
riculum has been divided into two sub- 
divisions, science and engineering. 
Within each of these groups the second 
year curriculum is substantially com- 
mon, with variations occurring only in 
the limited amount of specialized pro- 
fessional work included. To reduce 
the complexity of schedules in the pro- 
fessional courses, the number of under- 
graduate subjects is being reduced by 
approximately 20 per cent, by consoli- 
dation of subjects of nearly the same 
content and purpose and by elimination 
of certain options. This simplification 
of schedule is tentative and is designed 
to clear the decks for action in the 
post-war period so that the load on our 
staff and the use of our facilities will 
be made more favorable for handling 
an increased registration and special 
programs for veterans, 


The second part of the curriculum 
revision permits a further development 
of the Institute’s Division of Hu- 
manities and its curriculum in hu- 
manistic subjects. In this new pro- 
gram the work of the first year will be 
devoted to English, with special em- 
phasis on written and oral expression. 
The same course will not be given 
necessarily to all students; those who 
are ready for fairly advanced com- 
position will have an opportunity to 
work at their level. The work in Eng- 
lish for foreign students will be given 
by the Department of Modern Lan- 
guages and, when necessary, taught 
from the point of view of persons who 
are studying a second language. The 
emphasis on good writing and expres- 
sion will continue throughout the four- 
year program and be emphasized in 
other subjects in later years. 

In the second year all students will 
have an introductory course in mod- 
ern history, with special reference to 
the place of the United States in world 
affairs. This course will serve in the 
first place to give the student his- 
torical perspective and a knowledge 
of the development of American civil- 
ization, and in the second place to 
further incidental training in written 
and oral expression. 

In the third year all undergraduate 
students will devote the first half year 
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to economic principles, and the second 
half year to a course in introductory 
psychology. Students who prefer ad- 
ditional work in economics will have 
the option in the second half year .to 
take a course in labor relations or one 
in industrial economics instead of gen- 
eral psychology. 

With this background in English, 
history and the social sciences, every 
student in his fourth year will be asked 
to choose one of four options: (a) 
History of Science and Thought; (db) 
Fine Arts; (c) Introduction to Litera- 
ture; and (d) International Relations. 
Each of these four courses will be 
closely codrdinated with the objectives 
and purposes of those given in the pre- 
ceding three years, and wherever possi- 
ble, the laboratory method will be used. 
In the fine arts, for example, we an- 
ticipate providing opportunity for 
training in the methods of the graphic 
arts. 

To take charge of the international 
relations option for seniors and in an- 
ticipation of a need for men trained 
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for foreign service in the post-war 
period, the Institute has appointed Dr, 
Norman J. Padelford, formerly at the 
Fletcher School of Law and Diplomacy 
and at the present time a special con- 
sultant to the State Department, as 
Professor of International Relations in 
the Department of Economics and So- 
cial Science. Further plans are being 
made for providing the best obtainable 
instruction in the other options so that 
these humanistic subjects in rigor and 
presentation will be on the same level 
as professional subjects in science and 
engineering. 

Under the new plan the system of 
e'--tives known as “General Studies” 
:ormerly in effect at the Institute will 
be maintained but on a reduced basis, 
These subjects will be offered, how- 
ever, as optional electives without 
credit. So far as possible, the subjects 
offered in any term and the hours and 
methods of instruction will be planned 
to meet the needs of students who re 
quest subjects of this type for the pur- 
pose of broadening their education. 
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New Members 


Axey, Wayne W., Lecturer in Mechanical 
Engineering, University of California, 
Berkeley, Calif. A. S. Levens, E. D. 
Howe. 

Anperson, Dice R., Assistant Professor of 
English, Georgia School of Technology, 
Atlanta, Ga. R. L. Sweigert, R. S. King. 

Arcuer, Lutuer B., Assistant Professor of 
Electrical Engineering, University of Illi- 
nois, Urbana, Ill. A. R. Knight, E. A. 
Reid. 

Baker, WicFrrep H., Assistant Professor of 
Civil Engineering, West Virginia Univer- 
sity, Morgantown, W.Va. H.W. Speiden, 
G. P. Boomsliter. 

BeekwitH, THomMAs G., Mechanical Engi- 
neer, Gulf Research and Development 
Co., Pittsburgh, Pa. F. L. Bishop, Nell 
McKenry. 

BrecHER, Mitton F., Director of Research, 
Norton Co., Worcester, Mass. C. F. 
Scott, T. H. Morgan. 

Borc, Sipney F., Assistant Professor of Civil 
Engineering, University of Maryland, Col- 
lege Park, Md. R. B. Allen, H. B. Hosall. 
Brapy, Witit1am H., Lecturer in Mechanical 


Engineering, University of California, 
Berkeley, Calif. A. S. Levens, E. D. 
Howe. 


Brown, Hat C., Associate Professor of Eng- 
lish, Georgia School of Technology, At- 
lanta, Ga. R. L. Sweigert, R. S. King. 
Bryans, AnprEw E., Assistant Professor of 
Engineering Drawing, Franklin and 
Marshall College, Lancaster, Pa. W. R. 
Bryans, H. M. Fry. 

Burc, Water V., Professor and Acting 
Head, Dept. of Physics, University of To- 
ledo, Toledo, Ohio. J. B. Brandeberry, I. 
F. Zarobskt. 

Bus, Grorce F., Assistant Professor of 
Graphics, Princeton University, Princeton, 
N. J. F. A. Heacock, A. M. Greene. 
Borter, N. Ricuarp, Acting Head, Me- 
chanical Engineering, Acting Director 
Bureau Industrial Research, Norwich 
University, Northfield, Vt. J. W. Ingalls, 
W. C. White. 


CALDWELL, Rosert G., Dean of Humanities, 
Massachusetts Institute of Technology, 
Cambridge, Mass. R. S. Williams, J. M. 
Bunker. 

Cuitps, Hersert R., Assistant Professor of 
Physics, University of Rochester, Roches- 
ter, N. Y. J. L. Hill, H. S. Gardner. 

Dicx1nson, JouHNn L., Assistant Chief Engi- 
neer, Engineering School, Curtiss-Wright 
Technical Institute, Pasadena, Calif. G. 
C. Bauer, Alfred Jensen. 

DorFMAN, Leo O., Advisory Engineer, 
Patent Dept., Westinghouse E. and M. 
Co., East Pittsburgh, Pa. A. M. Dudley, 
E. B. Roberts. 

ELLincson, Mark, President, Rochester In- 
stitute of Technology, Rochester, N. Y. 
A. C. Harper, J. T. Faig. 

Evans, FrepertcK R., Assistant Professor 
of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
P. E. Kyle, A. L. Townsend. 

Evans, Freperick J., Assistant Professor of 
Civil Engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa. C. B. Stan- 
ton, W. N. Jones. 

Fork, Epwin H., Professor of English, 
Georgia School of Technology, Atlanta, 
Ga. R. L. Sweigert, R. S. King. 

ForrESTER, JAMES D., Professor and Chair- 
man, Dept. of Mining Engineering, 
Missouri School of Mines, Rolla, Mo. 
C. L. Wilson, A. C. Callen. 

Foster, Epwarp, Instructor in English, 
Georgia School of Technology, Atlanta, 
Ga. R. L. Sweigert, R. S. King. 

Grese, Henry, Professor of Agricultural En- 
gineering, lowa State College, Ames, Iowa. 
H. J. Gilkey, J. B. Davidson. 

GrEENWooD, JoHN W., Instructor in Engi- 
neering, University of Buffalo, Buffalo, N. 
Y. H. P. Fullerton, H. M. Gehman. 

Grecory, Francis A., Principal, Armstrong 
Technical High School, Washington, D. C. 
J. C. Webster, D. E. Howard. 

Hatt, Auxen §., Instructor in Mechanical 
Engineering, Purdue University, La- 
fayette, Ind. H. A. Bolz, R. W. 
Leutwiler. 
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Hanson, Arnoxp E., Associate Professor of 
Industrial Education, University of New 
Hampshire, Durham, N. H. L. W. Hitch- 
cock, E. L. Getchell. 

Hawn, Hersert W., Assistant Professor 
of Mechanical Engineering, Michigan 
College of M. and T., Houghton, Mich. 
W. C. Polkinghorn, L. A. Rose. 

Henry, Levi L., Professor of Mechanical 
Engineering, Detroit Institute of Tech- 
nology, Detroit, Mich. C. C. Winn, M. 
M. Cory. 

Howes, Victor E., 
neering Drawing, 
Cambridge, Mass. 
Haertlein. 

Jett, Dantet B., Dean of Engineering, New 
Mexico A. & M. College, State College, N. 
M. Re-admission. 

Jounson, STANLEY F., Instructor in History, 
Michigan College of M. and T., Houghton, 
Mich. A. K. Snelgrove, L. A. Rose. 

JonnarD, Armison, Instructor in Chemical 
Engineering, Kansas State College, Man- 
hattan, Kansas. Linn Helander, M. A. 
Durland. 

JoszpH, THomas L. Professor of Metal- 
lurgy, University of Minnesota, Minne- 
apolis, Minn. F. B. Rowley, B. J. 
Robertson. 

LAKE, Ropert E., Assistant Professor of 
Electrical Engineering, Pratt Institute, 
Brooklyn, N. Y. Re-admission. 

Leet, Horace W., Professor of Mechanical 
Drawing and Machine Design, University 
of Rochester, Rochester, N. Y. Re-admis- 
sion, 

LonGcweELL, Wiiti1AM F. M., Assistant Pro- 
fessor of Civil Engineering, Worcester 
Polytechnic Institute, Worcester, Mass. 
A. J. Knight, J. W. Howe. 

McKeon, Jesse C., Supervisor, Scholarships 
and Graduate Study, Westinghouse E. & 
M. Co., 306 Fourth Ave., Pittsburgh, Pa. 
H. C. Madsen, E. B. Roberts. 

Mipptemiss, Ross R., Associate Professor 
of Applied Mathematics. Washington Uni- 
versity, St. Louis, Mo. A. S. Langsdorf, 
F, W. Bubb. 

Mutter, Percivar F., Assistant Professor of 
Applied Mechanics, Virginia Polytechnic 
Institute, Blacksburg, Va. L. O, Shaugh- 
nessy, E. B. Norris. 

Miiier, Wa ter H., Assistant Professor of 

Mechanical Engineering, University of 

Missouri, Columbia, Mo. H, W. Wood, 

Harry Rubey. 


Instructor in Engi- 
Harvard University, 
C. J. Walsh, Albert 


NEW MEMBERS 





Moore, Rosert F., Placement Director, 
Columbia University, New York 27, N. Y, 
K. A. Meade, J. K. Finch. 

NARBUTOVSKIH, Paut, Engineer, Westing- 
house E. & M. Co., Sharon, Pa. H. E 
Dyche, F. L. Bishop. 

Nivmerer, Hersert P., Instructor in Civil 


Engineering, University of California, 
Berkeley, Calif. C. T. Wiskocil, E. D, 
Howe. 


NoFFsINGER, Joun S., Director, National 
Council of Technical Schools, 839 17th 
St. N.W. Washington 6, D. C. FL 
Bishop, A. C. Harper. 

Ouitt, ArNoLp, Associate in Civil Engineer 
ing, University of California, Berkeley, 
Calif. C. T. Wiskocil, E. D. Howe. 

Perry, Joun P. H., Vice President, Turner 
Construction Co., 420 Lexington St., New 
York City. H. S. Rogers, F. L. Bishop, 

Perry, Raymonp J., Lr., Instructor @ 
Chemical Engineering, U. S. Coast Guard 
Academy, New London, Conn. C. E 
Tucker, C. E. Dimick. 

Pitt, RaytetcH St. C., Lecturer in Me 
chanical Engineering, University of West- 
ern Australia, 24 Wavell Rd., Nedlands 
W. A. F. L. Bishop, Nell McKenry. 

Powers, Louis J., Associate Professor d 
Mechanical Engineering, Texas Tech 
nological College, Lubbock, Texas. J. H 
Murdough, H. F. Godeke. 

Power, Roy B., Lecturer, Harvard Uni- 
versity, Cambridge, Mass. C. L. Dawes, 
C. J. Walsh. 

Putnam, GeErap, Assistant Professor o 
Graphics, Massachusetts Institute of Tech 
nology, Cambridge, Mass. D. P. Adams, 
R. D. Douglass. 

Raney, GLENN W., Associate Professor of 
English, Georgia School of Technology, 
Atlanta, Ga. R. L. Sweigert, R. S. King. 

RAupEBAUGH, Rosert J., Assistant Pro 
fessor of Metallurgical Engineering, Uti 
versity of Rochester, Rochester, N. ¥. 











J. L. Hill, J. J. Martin. 

Ropes, Harotp P., Lecturer in Mechanical 
Engineering, University of California 
Berkeley, Calif. E. D. Howe, A. 5 
Levens. 

RopmMan, Georce E., Instructor, Industrial 
Relations Dept., Commonwealth Edison 
Co., 72 West Adams St., Chicago, Ill. J. 
E. Hobson, M. B. Reed. 

Rocers, FRANKLIN C., Assistant Professor 
of Civil Engineering, Rutgers University, 
New Brunswick, N. J. P. H. Daggett 
F, C. Miragain. 
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NEW MEMBERS 


RUDENBERG, REINHOLD, Professor of Elec- 
trical Engineering, Harvard University, 
Cambridge, Mass. C. L. Dawes, H. M. 
Westergaard. 

Sapca, Leo E. A., Associate Professor of 
English, Polytechnic Institute of Brook- 
lyn, Brooklyn, N. Y. D. F. Othmer, E 
F. Church. 

ScHLESINGER, GeorG, Director of Engineer- 
ing, Institution of Production Engineers, 
London, England. G. A. Stetson, F. L. 
Bishop. 

Sepcewick, CHarLEs H. W., Associate Pro- 
fessor of Mathematics, University of Con- 
necticut, Storrs, Conn. F. P. Fischer, G. 
§. Timoshenko. 

Swcstap, OLE, Chief Engineer, New York 
City Tunnel Authority, 200 Madison Ave., 
New York City, C. F. Scott, A. B. 
Parsons. 

§pencer, Ernest L., Assistant Professor of 
Civil Engineering, Northeastern Univer- 
sity, Boston, Mass. E. A. Gramstorff, W. 
C. White. 

§mLWELL, Henry S., Head, Aeronautical 
Engineering, University of Kansas, Law- 
rence, Kansas. J. O. Jones, W. C. 
McNown. 

Sour, Lawrence E., Professor and Head, 
Dept. of Chemical Engineering, Washing- 
ton University, St. Louis, Mo. Jules 


Bebie, A. S. Langsdorf. 
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Wa ter F., Instructor in Indus- 
Rochester Institute of 
NM. 3-3 = 


SWANTON, 
trial Chemistry, 
Technology, Rochester, 
Ketchum, G. B. Earnest. 

TAULBEE, Preston J., Instructor in Science, 
U. S. Coast Guard Academy, New Lon- 
don, Conn. C. E. Tucker, C. E. Dimick. 

Taytor, Harorp E., Acting Principal, 
Brooklyn Technical High School, 29 Ft. 
Greene Place, Brooklyn 1, N. Y. F. L. 
Bishop, Nell McKenry. 

Vezeau, Watpo A., Assistant Professor of 
Mathematics, University of Detroit, De- 
troit, Mich. C. J. Freund, C. A. Linge- 
man. 

WarveELL, ArtHurR, Assistant Professor of 
Engineering Drawing, University of 
Toronto, Toronto, Ont. W. J. T. Wright, 
C. R. Young. 

WESTFALL, ALFRED, Professor of English, 
Colorado State College, Fort Collins, Colo. 
G. F. Henry, J. T. Strate. 

Worre.t, Donatp T., Instructor in Me- 
chanics, West Virginia University, Mor- 
gantown, W. Va. G. P. Boomsliter, C. H. 
Cather. 

Wykes, Stan.ey A., Assistant Professor of 


Industrial Engineering, Virginia Poly. 
Inst., Blacksburg, Va. P. T. Norton, W. 
G. Ireson. 











Polytechnic Institute of Brook- 
lyn.—The list of ESMWT courses 
given at the Polytechnic again in- 
cludes two lecture and two labora- 
tory courses of Graduate level in 
the field of Ultra-Short Waves and 
Cathode Rays. These courses, which 
are given in the evenings, draw stu- 
dents principally from the electronics 
industries in the metropolitan area. 
They provide means for engineers in 
practice to acquire graduate training 
necessary for their work without loss 
of working time and also without ex- 
pense. After two years, attendance in 
this program continues to demonstrate 
its popularity. 

The complete listing of ESMWT 
courses at the Polytechnic includes one 
course in aeronautical engineering, 4 
courses in Civil Engineering, one in 
drafting, 20 in electrical engineering, 
51 in mechanical engineering, and 2 
in physics. 


University of Illinois—W. L. 
Everitt, one of America’s foremost 
authorities on electronics, has been ap- 
pointed professor and head of the 
department of electrical engineering. 
Because Dr. Everitt has been directing 
important research for the Army at 
Washington since early 1942, he was 
granted an automatic leave of absence 
from Illinois to continue his Army 
work and will take up his duties at the 
University immediately on _ release 
from war service. 

Prior to going to the Army as 
chief of operational research in the 
office of the chief signal officer, Dr. 
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Everitt had since 1934 been profess 
of electrical engineering at Ohio Statel gy 
University. He previously had beg 
an instructor at Cornell University ani 
the University of Michigan. 
He is the author of several books 
and a number of technical magazi 
articles on radio and telephone com 
mnnications; has served as_ reseafth 
and consulting engineer to the Amer 
can Telephone and Telegraph Co. 
various manufacturing concerns, andi 
the inventor of a number of electrom 
devices. He is a fellow and a dired 
of the Institute of Radio Engineers 
a fellow of the American Institute d 
Electrical Engineers. teer 
As head of the department of deel of ; 
trical engineering, Dr. Everitt 
succeed Ellery B. Paine, whose refi 
ment was announced recently. 


The 
Arn 
194 


10 i 
Mass. Institute of Technology. T 


William E. Stanley, formerly profess pey, 
of sanitary engineering at Cornell Unt ¢,, 
versity, and well known as a GIB a+ 

sulting sanitary engineer, has Dem jo4, 
appointed professor in charge of § a 
tary engineering courses in the depatt® {,, 

ment of civil and sanitary engineemiNf thro, 
Professor Stanley recently retumt} p... 


from North Africa where he served@iiy , 
a Major in the Corps of Engineers ai) \4j-4 
had assignments as Water Suppl char, 
Officer for seven months during B% Penj, 
North African Invasion and the M§ fi.p, 
nisian Campaign and Chief of OG 6, 
struction in the Service of Supply from 
eight months. since 
The appointment of Professor Stil th. 
ley ‘is part of a plan to expand Mpyptp, 














professe 
Yhio State 
had been 
ersity and 


ral books 
magazi 
one Com 
; researd 
he Ameri 
h Co. and 
rns, andi 
electron 
a dired 
ineers 
astitute di 


7 


it of ee 
reritt 
ose retil 
y. 


nology. 
Y profess 
yrnell Uni 
is a @ 
has Dee 
re of Sali 
he dep 
igineering 
~~ returne 
. served 
rineers 
or Suppl 
Juring 
d the 
f of 
Supply 













-ssor 
xpand 1 

























program in sanitary engineering to 
meet the anticipated post-war demand 
for sanitary engineers needed in the 
development of public health facilities, 
the abatement of stream pollution, the 
operation of water and sewage treat- 
ment plants and the treatment of in- 
dustrial wastes. 

Frederick J. Adams and Lawrence 
B. Anderson have been promoted from 
associate professors to professors on 
the faculty of the School of Archi- 
tecture and Planning. 


Michigan College of Mining and 
Technology.—The total fall-term 
enrolment is 548 men and women, 
including approximately 75 off-campus 
students in the ESMWT program but 
excluding registrants in the adult- 
tducation program referred to below. 
Regular students number 195. Six- 
teen cadet nurses are also taking some 
of their academic work at the college. 
The other students consist of 264 
Army Air Forces Enlisted Reservists, 
194 of them in their second term and 
70 in their first. 

The adult-education program is a 
few departure for the college. It is 
farried on under the provisions of an 
at of the special session (January, 
1944) of the State Legislature, which 
apropriated $250,000 to be expended 
for experimental work of this sort 
throughout the state between July and 


December 31, 1944. Michigan Tech, 
M conjunction with the Northern 
Michigan College of Education, is in 


tharge of the project in the Upper 


Peninsula of Michigan, with Dr. James 
B fisher as director. 


On July 1, Dr. James Fisher retired 
from the deanship which he had held 


#since 1936 and from the headship of 
the Michigan Tech department of 
mathematics and physics, which he had 
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held since 1901. He now heads the 
college’s Extension Division, which 
administers not only the adult-educa-, 
tion program but the ESMWT curri- 
culum, the college’s municipal-planning 
consultancy service, and shops training. 

Upon his retirement from active 
teaching, Associate Professors John 
M. Harrington and F. L. Partlo were 
promoted to professors and assigned 
the headships of the department of 
mathematics and the department of 
physics respectively. Other men pro- 
moted in those departments, all from 
assistant to associate professors, are 
Carl Knaebel, William A. Longacre, 
and Thomas C. Sermon. Additional 
promotions to associate professorships 
went to Messrs. A. N. MacIntosh 
(geological engineering) and E. J. 
Townsend (economics), Dr. Ralph 
Menzel (chemical engineering), Her- 
bert W. Hawn (mechanical engineer- 
ing) and William B. Gertz (metal- 
lurgical engineering). Fred P. Han- 
selmann was advanced from instructor. 
in languages to assistant professor. 

In immediate charge of ESMWT, 
as institutional representative and co- 
ordinator, is Professor MacIntosh. 


' The municipal-planning consultant is 


Professor Townsend, who has been 
officially designated by the State 
Planning Commission as its field rep- 
resentative in the Upper Peninsula. 
He has been in close contact with 
nearly one hundred governmental 
agencies, including all Upper Penin- 
sula counties and cities, many other 
municipalities, several county road 
commissions, and a number of school 
districts. 

The State Planning Commission of 
15 men—one of whom is President 
Grover C. Dillman of the college— 
met jointly at Michigan Tech on Au- 
gust 18 with the Commission’s Upper 
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Peninsula Technical and Industrial 
Subcommittee, which is headed by Dr. 
Dillman and which includes among 
its members the college’s entire re- 
search committee. The Governor and 
other state officials attended. 

Assistant Professor Edwin Spacie, 
who had been on leave since May 1, 
was recalled to the college September 
21 to take the newly-created position 
of student counselor. He will work 
in conjunction with the registrar’s 
department, and will be aided by two 
faculty committees first set up last 
winter—the Veterans Advisory com- 
mittee and the Foreign Students com- 
mittee—as well as by the older Student 
Advisory committee. 

Appointment of a committee of the 
Michigan Tech SPEE Branch to study 
the recent Hammond report and to aid 
the Postwar Plans, Curriculum, and 
Executive committees in revision of 
the curriculum, is explained in more 
detail elsewhere in this issue, in the 
report of the college branch. 

The Board of Control has authorized 
the establishment of an assistantship 
in Engineering English for men in- 
terested in obtaining “interne” train- 
ing in that important subject. The 
assistantship is for a nine-month 
period. The holder will audit certain 
coursés in engineering methods and 
engineering economics, participate ac- 
tively in the work of the SPEE branch, 
acquaint himself with major curricu- 
lar and instructional problems facing 
secondary-school as well as college 
teachers of English, and assist in the 
editing of technical papers and, under 
direction, in the teaching of technical 
English. 

The State Administrative Board has 
authorized the expenditure of $22,750 
to purchase a tract of land for a new 
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The New Amphidrome, 
acquired somewhat over a year ago by 
the college as a winter-sports building, 
has been officially renamed the James 


auditorium. 


R. Dee Stadium. Mr. Dee, a resident 
of Houghton who recently observed 
his eighty-eighth birthday, was a pie 
neer in introducing and fostering 
hockey and other winter sports in the 
Copper Country. 


Rochester Institute of Tech 
nology.—The Board of Regents of 
the University of the State of New 
York has approved the petition to 
change the name of the Rochester 
Athenaeum and Mechanics Institute to 
the Rochester Institute of Technology 
as of September Ist, 1944. 


University of Texas.—M. V. Bar 
ton, Professor of Aeronautical Engi- 
neering at The University of Texas, 
is on leave of absence to participate i 
a cooperative program with the Doug: 
las Aircraft Company, of Santa 
Monica, California. Dr. Barton $ 
engaged in productive assignments im 
the Engineering Department, partic 
larly in structures and in vibration 
and flutter. This cooperative program 
was developed by C. T. Reid, Mam 
power Assistant to A. E. Raymond, 
Vice President in charge of Engineer 
ing for Douglas, and M. J. Thompson, 
Chairman of the Department of Aero 
nautical Engineering at The Unt 
versity of Texas. The program rep 
resents one of the pioneering efforts 
to provide for. closer relationships be 
tween industry and education, from 
which engineering instructors and im- 
dustrial personnel may obtain a better 
understanding of their mutual prob 
lems. 
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Necrology 


CHARLES HOMER BAXTER 


1879 - 


Charles Homer Baxter, Professor 
and Head of the Civil and Mining 
Engineering Department of the Michi- 
gan College of Mining and Technology, 
passed away July 29, 1944, at his 
home, 1407 College Avenue, Hough- 
ton, Michigan. 

Professor Baxter was born in De- 
troit, Michigan, February 12, 1879. 
Following graduation from the public 
schools of Detroit he entered the 
Michigan College of Mines in the Fall 
of 1899, graduating with the degrees of 
BS. and E.M. in 1902. 

Following graduation he was en- 
gaged in mining engineering work for 
the Quincy Mining Company, Han- 
cock, Mich.; the Republic Iron and 
Steel Company, Negaunee, Mich.; and 
in civil engineering work for Dickin- 
son County, Mich. 

Three years after his graduation he 
returned to the college, for one year, as 
an instructor in the Civil and Mining 
Engineering Department. The follow- 
ing year he spent in examining and 
tpeorting on properties mostly in the 
West and Southwest United States, 
for the Jones Exploring Company, of 
Iron Mountain, Mich. In the Fall of 
1907 he became superintendent of the 
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Loretto Iron Company in Iron County, 
which position he held for twenty 
years. 

In 1927, he again returned to the 
college as elected professor and head 
of the department of civil and mining 
engineering, succeeding the late Pro- 
fessor F. W. Sperr. This position he 
held until the time of his death. 

In addition to his duties as superin- 
tendent and professor, he took an in- 
terest in public and civic affairs and 
also did considerable consulting and 
technical work. While at Loretto he 
served as township supervisor, presi- 
dent of the school board, member of 
the State tax commission, and director 
of several industrial organizations. 
He was also a co-author of an authori- 
tative book on Mine Examination and 
Valuation. 

Professor Baxter served as Presi- 
dent of the Alumni Association of the 
Michigan College of Mines, President 
of the Lake Superior Mining Institute, 
Secretary of the Lake Superior Section 
of the American Institute of Mining 
and Metallurgical Engineers, and 
President of the Houghton Rotary 
Club. 
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Division of Educational Methods 


At the Cincinnati meeting last June the Executive Council authorized # 
formation of a new Division. The work of this Division has been organia 


under three committees: 


Committee on Teaching Techniques, 


Committee on Visual Aids, 


Committee on Examinations, 


If those members who are especially interested in the activities of @ 
Division will inform the Secretary, their names will be placed on a 


Scott B. Lilly, Chairman, 

Chairman, Division of Engineering, 
Swarthmore College, Swarthmore, '? 
John I. Yellott, Chairman, 

Director, Institute of Gas Technology, | 4 
affiliated with Illinois Institute of 7 
Technology, Chicago, IIl. 

Carl L. Svenson, Chairman, 
Member-Secretary, Texas State Board d 
Registration for Professional Engineers} 
Austin, Texas. } 
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list to receive circular literature that may not appear in the Journal. 
R. H. Frazier, Chairman, Mass. Inst. Technology, 
W. R. Bryans, Vice Chairman, New York University, 
G. S. TimosHENKO, Secretary, Univ. of Connecticut, Storrs, Comm 
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